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NOVEL IMMUNOGLOBULIN SUPERFAMILY MEMBERS APEX-1> APEX--2 
AND APRX-3 ANP USES THEREOF 

5 



10 Througjhout this ^licotiozi, various publications aie referenced. The disclosures of 
these publications in their entireties, are hereby incorporated by reference into this 
application, in order to more fiiUy describe the state of the art» as known to those skilled 
therein, as of die date of invention, described and claimed herein, 

15 FIELD OF THE INVENTION 

The preset invention relates to novel gene members encoding proteins of the 
immunoglobulin super&mily designated ^tigen giesendng cell Expression (APEX), 
including APEX-1, APEX-2, and APEX-3. 

20 

BACKGROUND OF THE INVENTION 

The CD2 subgroiq) of the immunoglobulin (Ig) super&mily consists primarily of cell- 
sui&ce receptors that regulate adhesion among different leukocytes and generate co- 

25. stimulatory signals. This subgroup consists of CD2 (LFA-2), CD58 (LFA-3), CD48, 
CD59, CD84, Ly9, 2B4, and CDwl50 (SLAM). All Ig fimiily members exhibit structural 
similarities including two or more extracellular Ig-like domains, a transmembrane 
domam or a glycosylpho^haticfylinoaitol (GPI>*anchor moiety. Family members which 
spm the membrane also have a (^toplasmic domain which may, or may not, have 

30 . specific SH2 domain binding motifi. Membersof this fimaily mediate diverse bioto^ 
events including leukocyte proliferation, differentiation, nngration, and activation 

_(Wimams, A.E.-and-Barclay,-A.N., 1988^^^ 
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CD2 was one of the first cell-adhesion molecules to be implicated in T-cell activation. In 
the early phase of the imomune response, CD2 seems to facilitate antigaot-independent 
activation and may be important in allowmg Ihe T-cell receptor (TCR) to sample 
5 different antigen-MHC complexes OHahn, W. C, et a/ 1993 in: Lymphocyte Adhesion 
Molecules pp. 105-132, ed Y* .Shimizu, R, G. Landes Compsny). In addition to 
activation of both naive and memory T helper cells (Wingren, A. O., et al 1995 Critical 
Reviews in Immunology 15:235-253), interaction of CD2 with its ligand (mostly CD58 in 
humans, CD48 in rodents) results in the secretion of inflammatory cytokines (e.g. JLrX 
10 and TNF)* These inflammatory cytokines then recruit o&er immune cells to the site of 
injury or mfection by upregulaling adhesion molecule expression (Hahn, W. C, et aly 
1993 in: Lyn^hocyte Adhesion Molecules pp. 105-132, ed. Y, Sfamizu, IL G. Landes 
Company). 

15 More recently, CD84, Ly9, 2B4 and SIAM have been shovm to be structuraUy simite 
the extracellular domains of CD2 family memb^ but contain slight diffa:ences (Angel 
de la Fuente, M., et al, 1997; Sandrin, M. S., et al, 1996; Cocks, B. G, et al, 1995). 
CD84 and SLAM eadi contain a V-set domain which lac^ the usually conserved 
cysteine residues while the secbnd domain is a truncated C2-set (tC2) domain containing 

20 cons^ed cysteine residues. Ly9 contains four Ig~like domains of the order V-tC2-V- 
tC2. AQ three molecules contain a cytoplasmic domain consisting of sev^ 
bmdmg motifi of the prinaary. structure Y-X-X-hydrophobic (Songyang, Z., et al 1993 
Cell 72:767-778). When these tyiosme residues are phosphorylated, they may become 
potential doddng sites for kinases or other protdns. These kinases can act to 

25 i^osphorylate other proteins and subsequently activate gene transcription* SLAM and 
2B4 contain a motif T-X-Y-X-X-W, which is thought to be responsible for binding to 
SHP-2 kinase (Tangye, S. a, et at 1999 J. Immunol. 162:6981-6985). 2B4 is a receptor 
which positively regulates flie activity of natural killer cells. Recent work has shown that 
2B4 is a Ugand for CD48 (Brown et al 1998 J. Exp. Med 188:2083-2090), further 

30 demonstrating that members of this &mily of molecules are able to bind to other 
members of this fanwly. 



2 
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CD84, Ly9, and SLAM esqwession is predominantly restricted to hematopoietic tissues 
with highest levels in the spleen, lymph node and peripheral blood leukocytes (PBL). 
SLAM is expressed on activated T cells and immature tiiymocytes (Cocks, B. G., et al 
S 1995 Nature 376:260-263), and is also found on activated antigen presentmg cells 
(APCs), 

CD84 and Ly9 functions have not been elucidated to date. SLAM, on the other hand» has 
been shown to enhance antigen-specific proliferation and (^kine |xroduction by CD4+ T 
10 cells. Specifically, antibodies against SLAM strongly ipegulate in botii Thl and 
Th2 clones, but do not induce TLA and ILrS in Thl clones. In addition, SLAM 
potentiates T-cell expansion m a CD2S-indqpeDdent manner (Cocks, B. O*, et al 199S 
Nature 376:260-263), 

15 The present invention relates to the discovery of three new APEX protein members of the 
Ig sq)erfemily, APEX-1, -2 and -3. The predicted products of the new cq>ex'l, qpex-2, 
and cpex-3 Ig genes show homology to the CD2 subgroup, and may be classified as a 
marker of th^ subgroup, based on sequence homology. 

20 SUMMARY OF THE mVEimON 

Hie aoronym ^'APEX^ or *^apex" stands for Antigen Presenting cell Expression, although 
tiie transcript ex]»ession pattern of the ipex genes is not restricted to APCs. For 
convenicDce, the italicized teem cpex tdSsts herein to an cpex nucleic add molecule or 
25 nucleotide sequences (s^). Hie ci^italized term APEX idfeis hssem to an APEX 
polypeptide (protein). 

The present invention provides three novel nucleic add molecules, designated qpex-1, 
apex'2, and qpex-3, and fragments and derivatives thereof (e.g. mutants, variants; 
30 homologues), havmg APEX activity, each having a nucleotide sequence yMoh encodes a 
new APEX protein member of the immunoglobulin siq}er&mily* In a particular aspect, 

3 
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apex'l is described by SEQ ID NO: 1 ; qpex-l is described by SEQ ID NO: 2; and apexrS 
is described by SEQ ID NO: 3. 

In addition, the invention features nucleotide sequences that hybridize under stringent 
5 conditions to SEQ ID NO: 1 , 2, or 3. The nucleic acid molecules of the invention further 
include portions of the qpex sequences, such as fiagments^ oligonucleotides, or portions 
thereof, and peptide nucleic acids (FNAX and antisense molecules thereof ^^ch may be 
used to detect levels of transcripts that occur ina cell. 

10 The invention provides isolated nuddc acid molecules and reoombiDant nucleic add 
molecules having the cpex sequences of the invention* and methods fcNr uses thereof. The 
invention further provides isolated polypeptides and recombinant polypeptides having the 
APEX sequences of the invention* and methods fcnr uses thereof. 

IS The invention also provides isolated and substantially purified polypeptides APEX-1, 
APEX-2, axid APEX-3. The invention further provides diagnostic assays and kits for the 
detection of naturally occurring APEX-U -2 or -3 or the nucleic adds encoding them. It 
provides for the use of substantially purified APEX-l, -2 or -3 to produce antibodies 
reactive against an APEX protein, which can be used to quantitate the amount of APEX 

20 proteins in biological samples, e.g., in biological fluids or biopsied tissues fitom a subject. 

These APEX proteins can also be used to produce antagonists which will bmd to APEX 
molecules on the sur&ce of tumor cells in vivo or in vitro, and as molecular weight 
markers. Substantially purified APEX protdns, or their fixigments having APEX activity, 
25 may be useful as jdianssaceutical composition^ For example, they may be used to inhibit 
celladhesioa 

The mvention ^Iso relates to pharmaceutical conipositions comprismg antisense 
molecules capable of disrupting expression of apex genomic sconces, and agonists, 
30 antibodies, antagonists or inhibitors of the APEX protems. These con^ositions are 
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useful for tibe prevention or treatmoit of conditions associated with the presence or the 
expression of APEX proteins. 

BRIEF DESCRIPTION OF THE FIGURES 

. 5 

Figure 1: A 'schematic rqneseatation of tiie general structure of its extracellular domains 
of tiie CD2 subgtoiip. 

Figure 2: The nucleotide sequence of (SEQ ID NO: 1). 

10 

• Figure 3: The nucleotide sequence of epex'2. A portion of the nucleotide sequence of 
apeixrl, beginning at diymine (t) at nudeotide SO and ooding at tiiymine (t) at nucleotide 
1S6S of Figtne 2 is shown in SEQ ID NO: 2. 

15 Figui» 4: llie nucleotide sequence ofqpex-3 (SEQ ID NO: 3). 

Figitte 5: The amino add sequence of APEX-1 protein (SEQ ID NO: 4). 

Figure 6: Hie amino add sequence of APEX-2 jttotein (SEQ ID NO: 5). 

20 . 

Figure 7: The amino {K»d sequence of AFEX-3 protein (SEQ ID NO:Q. 

Figure 8: A and B: A Noittieni blot showing fbe detection of cpex-1 transcr^ in 
immune and non<inm»me tissues, as described in Example 1. 

25 

Figure 9: A RT-PCR analyas showii^ detection of apex-1 tc8nscrq;)ts in various cell 
types, as described in Example 1. 

Figure 10: The amino acid sequence of the extracellular domain of APEX-1 in {he faskaa. 
30 protein APEX-lIg. The predicted signal sequence (Meti to Al&a) is shown in bold. Tbe 
_jequaice ftpm:S.er23_to Ser225-con:^^ 

5 
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The junction His226 to Pro227 sequence restilts ftom the BamHI restriction site and is 
followed by a sequence corresponding to the H-CHa-CHs sequence fiom human IgOl . 

Figure 1 1 : The amino acid sequence of tibie extracellular domain of APEX-2 in the fusion 

S protein APEX-2mlg. The predicted signal sequence QMeti to Olysg) is shown in bold and 

is expected to be cleaved in tibie mature protem. The sequence fiom Ser^o to Trp238 

corresponds to the extracellular domaui of murine APEX-2. The junction His239 to from 

sequence results fiom the BamHI restriction site and is followed by a sequience 

corresponding to the H-CHr CH3 sequence of murine IgQ2a. 

10 . 

. Figure 12: The SDS-PAOB of APEX-lIg and APKX-2iii]g fusion pi^^ 

in Example 4. Proteins were run on a 12% Itis-Olydne gel under reducing conditions, 

and proteins visualized using coomassie blue stainiiig. 

IS Figure 13: The SDS-PAGE of APEX-lIg fusion protem expressed in COS and S& cells, 
as described in Example 4* 

Figure 14: Western Blot analysis of the APEX-1 extracellular domains using a panel of 
anti-APEX-1 mAb, as described in Example 4. The mAbs were immunoblotted against 
20 the recombinant extracellular domain of APEX-1 under reducing and non-ieducing 
conditions as showiL 

Figure 15: The amino acid sequence of fusion protem FLAG-APEX-1 . The Meti to Qly24 
sequence is from human CDS signal peptide and is expected to be cleaved in mature 
25 proteuL The Asp2s to Lys32 sequence corresponds to the FLAG peptide sequence. 

Figure 16: The amnio acid sequence of fusion protem FLAG-APEX-2. The Meti to Gly24 
sequence is fiom human CDS signal peptide and is expected to be cleaved in mature 
protein. The Aspas to Ly532 sequence corresponds to the FLAG peptide sequence. 

30 
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DETAILED DESCRIPTION OF THE INVENTION 

MOIJ£ClJIJBS OF THE INVENTION 

5 M its various aspects^ as described in detail be!ow» tibe present invention provides APEX 
proteins, cpex nucleic add molecules (induding epex nucleotide sequences, genomic and 
cDNA), xecombinant DNA molecules, Inmsformed host cells, generation methods, assays, 
antibodies, immimotheEq)eutic mebods, transgenic animals, immunological and nucldc 
acid-based assays, and compositions. 

10 

For the sake of convenience, nucldc add molecules having ^qtcx nucleotide sequences will 
be collectively leferred to as the (9}ex sequences, the nucleotide sequoices of the invmtion, 
or^^pex. Additionally, APEX proteins wiU be coUectivelyrefened to as 
the proteins of the invention, or APHJC 

15 

Nttddc Add Molecules 

The present invention discloses the discovery of novel cpex nucleotide sequences ^ch 
mcode fiill-lengiii APEX poiypisptides or fiagmeots thereof ^di possess structurd 

20 features shared with tiie CD2 subgroup (e.g., see Figure 1) and are predicted to encode 
new members of the immunoglobulin super&mily. The structural features shared by the 
CD2 subgroiQ) include a N**tetinind signd pqptide, an ^rtracdliilar domain or region 
having Ig-like features, a hydrophobic transmembrane domain^ and a C-termind 
intracellular or cytoplasmic domain (e.g., see Figure 1). Thus, similar to CD2 members, 

25 the APEX protdns may play a role as cell-surface receptors that regulate adhesion among 
dififerent leukocytes and generate co-stunulatoty signals. 

One embodiment of the invention provides nucleic acid molecules that are DNA or RNA. 
Another embodiment provides nucleic acid molecules that exhibit significant sequence 
30 identity with tiie apex nucleotide sequences of the invention, such as molecules that have 
betv^een about 60% to 99% sequdace identity with the cpex sequences of the invention. 
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A preferred embodiment provides nucleic acid molecules that exhibit about 60% 
sequence identity^ a more preferred embodiment provides molecules that have about 85% 
sequence identity, and the most preferred embodiment provides molecules that have- 
about 95% to 99% sequence identic ivifh the apex sequences of the mvention. 
5 Accordingly, the present invention encompasses apex fiom ai^ species, 6.g., human, 
mouse and otiher mammals. The present invention also encompasses different alleles of 
the apex gene isolated from diflfereat subjects of the same mammalian species. 

"Nucleotide sequences" as used hiODein refers to an oligonucleotides, or nucleotides, and 
10 fragments or portions thereof, and to DNA or RNA of ^omic or synthetic origin.which 
may be single- or double-stranded, and represents the sense or antisense strand. 

"Peptide nucleic acid" (PNA) as used herein refers to a molecule \^dbi comprises an 
oligomer to which an amino add residue, such as lysine, and an amino group have been 
15 added. These small molecules, also designated anti-sense and anti-gene agents, stop 
transcript elongation by binding to their complementary (template) strand of nucleic acid 
(NTielsen, P. R, et al., W3fS)Aifaicamer DrugDes. 8:53-63). 

As used hetiein, a nucleic add molecule is said to be ^^lated** when the nudmc acid 
20 molecule is substantially sepaiated from contanunant nucldc add molecules having 
sequences other tiian iiper sequences. Additionally, isolated nucldc add molecule refers 
to any RNA or DNA sequence, however constructed or synthesized. A sldlled artisan can 
readily employ nuddc add isolation procedures to obtain an isolated qpex-encoding nkideic 
add molecule, see Samfacook et oL, Molecular Cloning (1989). 

25 

The nucldc acid molecules of tiie mventioh axe prefetably in isolated finm, inchiding 
DNA, RNA, DNA/RNA hybrids, and related molecules, nucleic add molecules 
complementary to the APEX coding sequences or a part thereof, and those ^diich 
hybridize to the nucldc add sequCTices tiiat encode the APEX proteins. The preferred 
30 nucldc acid molecules have a nudeotide sequence substantially identical to or 
complementary to the cDNA sequences herein disclosed. Spedfically contemplated are 
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gnomic DNA» ribozymes/and antisense molecules, as well as nucleic adds based on an 
alternative backbone or including alternative bases, whether derived fiom natutal souices or 
syntiiesized 

5 Hie invention further provides fiagments of the APEX-encoding nucleic acid molecules 
of the present invention. As used herein, a fragment of an APEX**CTCoding nucleic acid 
molecule refers to a portion of Ifae wtm APEX-encoding sequence. The size of the 
fi»gm^ wiU be detennined by its intended use. For example, if the fragmtot is chosen 
to encode an APEX-encoding extracellular domain, then the skilled artisan shall select 
10 the nucleotide fiagment tihat is large enough to encode this functional domain(s) of the 
APEX proteiit If tiie fiagment is to be used as a nucleic acid probe or PGR primer, then 
the fiagment length is chosen so as to minimize the numba of filse positives during 
probing or priming. 

The present invention provides specific nucleic add molecules ^coding proteins 
15 designated APEX-1, -2, and -3 or fragments thereof having APEX activity. One 
embodunent encompassed by the present invention - includes isolated nucleotide 
sequences of apexA, -2, -3, as described in, e.g„ SEQ ID NO.: 1, 2, or 3, respectively, or 
portions thereof In particular, &e nucleic acid moleciiles of the invention may be isolated 
fuU-lengtii or partial cDNA molecules or oligomers of the apex -1, -2, or -3 sequences. 
20 The nucleic acid molecules of the invention each include the nucleotide sequences 
encoding all or portions of the signal peptide region, the CTCtracellular domain, tbe 
transmembrane domain, and/or the intracellular domain of APEX -1, -2 or »3. 

In one embodiment, sequence as shown in SBQ ID NO. 1, comprises the coding 
25 sequence for APEX-1 protem between nucleotides 42 and 1049. The 1008 base pair 
coding sequence within apexA beginning at adenine (a) at position 42 and ending at 
guamne (g) at position 1049 can encode a 335 ammo acid APEX*1 protein. The APEX-1 
protein is comprised of a sigrud peptide, an extracellular domain, a transmenbrane 
domain, and a cytoplasmic domain (Figure 2). 

30 
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In another embodiment, apex-l sequence as shown in SBQ ID NO. 2, comprises the 
coding sequence of APEX-2 protein between nucleotides 162 and 1217. The 1056 base 
pair coding region of apex-2 beginning at adenine (a) at position 162 and ending at 
adenine (a) at position 1217 as shown in SEQ ID N0.2 can encode a 351 amino acid 
S APEX-2 protein The APEX-2 protein is comprised of a signal peptide, an extracellular 
dontain, a transmembrane domain, and a cytoplasmic domain (Figure 3). 

In another embodiment; fSpex-3 sequence as shown in SBQ ID NO. 3, comprises the 
coding sequence of APEX-3 protein between nucleotides 115 and 972. The 868 base pair 
10 coding region of apex-i b^jnning at adenine (a) at position 115 and ending at adenine 
(a) at position 972 as shown in SEQ ID NO. 3 can encode a 285 amino acid APEX-3 
protein. The APEX-3 protein is comprised of a signal peptide, an extraceUulm* domain, a. 
transmembrane domain* and a cytoplasmic domain (Figure 4). 

15 The nucleic add molecules of the invention may be recombinant DNA molecules each 
comprising the sequence of apex -1, -2 or -3 (or fragments or derivatives thereof) fused 
to non-qp£x sequences^ such as human ]fe or FLAG: DYKDDDDK (Sigma-Aldrich 
Coiporation, St Louis> MO), vsliich is a commercially available 8 amino acid sequence 
tag. Reviews of methods for synthesis of oligonucleotides can be found in: 

20 Oligonucleotides and Analogues, eds. F. Eckstein, 1991, IRL Press, Nev/ York; 
Oligonucleotide Synthesis, ed. M. J. Gait, 1984, IRL Press, Oxford, England 

The present invention also provides uses of the {pex nucleotide sequences and then: 
corresponding amino acid sequences, and antibodies reactive against the APEX protems for 
25 tiie study y diagnosis, prevention and tteatmmt of disease associated livith Ifae presence of an 
APEXprotein. 

Vnffnents of apex 

30 Apex e.g,, cpexA, -2, and -3, includes fragments can be used as selective hybridization 
probes or rcR primers. These fragments can be readily identified from the entire sequence 

10 
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of the APEX proteins, using art-known methods. A "primer" is a nucleic acid fiagment 
vMoh functions as an initiating substrate for enzymatic or synthetic elongation of, for 
example, a nucleic acid molecule. For example, sets of PGR primers that are useful for 
detecting transcripts encoding the extracellular domain of an APEX protein . comprise the 
5 forward primer JNF6 (5*- ate ctttggcag etc acagg -3'; SEQIDNO.: 12) and the reverse 
primer JNF7 (5'-ctt cac aga get toe tgg c-3'; SEQ ID NO.: 13). 

Compl^entafy Sequences 

10 The nucleic add molecules provided by the present invention include DNA molecules 
each comimsing the nucleotide sequence, or portions' thereof, which are complementary 
to the nucleotide sequences as described in e.g. SEQIDNO.: 1,2, or 3. 

The term "complementary** as used herein refers to the capacity of pmim and pyrimidine 
IS nucleotides to associate dm>ugh hydrogen. bonding to form double stranded nucleic acid 
molecules. Tbie following base pairs are related by complooientarity: guanine and 
cytosine; adenine and thymine; and adenine and uracil. Complementary applies to all 
base pairs comprising two single-stranded nucleic acid molecules. 

20 ThjB present iriveation also provides complementary nucleic acid molecules having 
various degrees of sequence similarity witii the (pex sequences^ i;^ch are exactly 
complementary to SEQ ID NO. 1, SEQ ID N0.2, or SEQ ID NO. 3. For example, 
nucleotide sequences that are substantially sunilar to the exact con[q>lementary apex 
sequences or portions thereof will hybridize to an cpex-l, -2 or -3 seqiience under high 

25 strmgracy hybridization conditions. TypicaUy, I^bridization under standard hi^ 
stringency conditions will occur between two nucleic acid molecules that differ in 
sequence by about 80% to about 99%. It is readily apparent to one skilled in the art ^t 
the high stringency hybridization between nucleic add molecules depends upon, for 
example, the degree of similarity, the stringency of hybridization, and the length of 

30 hybridizing strands. The methods and formulas for conducting high stringency^ 
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hybridizations are well known in tiie art, and can be found in, for example, Sambrook et al, 
Molecular Cloning (1989). 

AUelic Forms Of t^^ex 

5 

Hie present invention provides nucleotide sequences of cDN A encoding allelic fonns of 
ig)ex. For example, one allelic fana of human is described in Figure 2 (SEQ ID 
NO.: 1). The nucleotide sequence of a cDNA encoduig one allelic fozm of murine €pex-2 
is described in Figure 3 (SEQ ID NO.: 2), and flie nucleotide sequence of a cDNA 

10 encoding one aUeUcfoimofhuman<9^-3 is descdbed in Figure As 
used herein, an "allele" or "allelic sequence" is ^an alternative form of ttie (q)ex gene. 
Alleles result fixmi a mutation, such as, a change in the nucleotide sequence, and 
generally produce altered mRNAs or polypeptides whose structure or function may or 
may not be altered. The present invention contemplates other allelic forms of nucleic acid 

IS molecules encoding cpex-U and -3 that are isolated horn dijGTerent subjects of the 
same q)ecies. Identification of allelic variants is known in the art 

Homologaes 

20 The present invention provides nucleotide sequences that encode APEX homologues. For 
example, flie invention provides the human homologue of APEX-1 and -3, and the 
murine homologue of APEX-2, One embodiment of the invention also provides tiie 
nucleotide sequences of epex-h and -3 homologues isolated from other species. 
Protein homologues £tom dififerent species are related as a result of common ancestiy. 

25 The ancestral homologue may have undergone spedation (e.g., an ortfaolo^ or gene 
duplication (e.g., a paralog). Thus, piotem homologues ate typically isolated fixxm 
different species and have the same or similar function. As a result of die common 
ancestry^ homologues may or may not have similar amino add sequences. The 
homologues can be fiom any species particularly mammalian, including bovine, ovine, 

30 porcine, murine, equine, and preferably human. Methods for the identification of APEX 
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homologues are routine and well known in the art (Sambrook et al.. Molecular Cloning 
(1989). 

Variant Nucleotide Sequences 

5 

It may be advantageous to generate codon-usage variants that are altered from the 
disclosed apex nucleotide sequences, yet do not alter the amino acid sequence of &e 
encoded APEX protein?. The codons may be selected to optimi2» &e level of 
of the €pex transcript or APEX protein in a particular prokaiyotic or eukaryotic 

10 expression host, in accordance vAk the fiequem^ of codon utilized by the host cell. 
Alternative reasons for altering the nucleotide sequence oocoding an APEX protein 
include die production of KNA transcripts having more desirable properties, such as an 
increased half-life. A multitude of variant apex nucleotide sequences that encode the 
resfpective APEX proteins may be isolated, as a result of the degeneracy of the genetic 

IS code. Accordingly, the present invention contemplates selecting every possible triplet 
codon to produce every possible combination of nucleotide sequences that encode the 
disclosed amino add sequence of APEX-1, -2 or -3 proteins. One embodiment of the 
present invention provides isolated nucleotide sequences that vary fix>m the sequences as 
described in SEQ ID NO.: 1, 2, or 3, such that each variant nucleotide sequence encodes 

20 a polypeptide having sequence identity with the amino acid sequence of APEX-1, -2, or - 
3, as described m SEQ ID NO.: 4, S, or 6, respectively. 

RNA 

25 The present mventlon provides RNA molecules HasX encode APEX proteins. In 
particular, the RNA molecules of the invention may be isolated full-leng(h or partial 
mRNA molecules, or RNA oligomers that encode APEX -1, -2, or -3. The RNA 
molecules of the invration each include the nucleotide sequences encoding all or portions 
of the signal peptide region, the extracellular domain, the transmembrane domain, and/or 

30 the intracellular domain of APEX -1, -2 or -3. 

13 
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The SNA molecules of the invention also include antisense RNfA molecules, peptide 
nucleic acids (PNAs), or non-nucleic acid molecules such as phosphorofhioate 
derivatives, that specifically bind to the sense strand of DNA or RNA in a base pair- 
dependent manner. A skilled artisan can readily obtain these classes of nucleic add 
S molecules using the herein described apex sequences. 

. Peptide Nucleic Adds 

The nucleic acid molecules of tiie inv^on include pq>tide nucleic acids (PNAs), or 
10 derivative molecules such as phosphorotfaioate, phosphottiester» phosphoxamidate, and 
methylphosphonate, that specifically bind to single-stianded apex DNA RNA in a base 
pair-dq)endent manner (P. C. Zamecnik. al., 1978 ?toc. Natl Acad Sci, 75:280284; 
Goodchild, P. C, et al., 1986 Proc. Natl Acad. Set 83:4143-4146). A skiUed artisan can 
readily obtain tiiese classes of mideic add molecules using tiie herein described cpex 
IS sequences. For example, reviews of methods fox synthesis of DNA, KNA, and their 
analogues can be found in: Oligonucleotides and Analogues, eds. F. Eckstein, 1991, IRL 
Press, New York; Oligonucleotide Synthesis, ed M. J. Gait, 1984, IRL Press, Oxford, 
England Additionally, methods for antisense KNA technology are described in U. S. 
patents 5,194,428 and 5,1 10,802. 

20 

A PNA molecule comprises a nucleic add oligomer to which an amino add residue, such 
as lysine, and an amino group have been added. These small molecules, also designated 
anti-gene agents stop, tcansmprion elongation by binding to die complementary strand of 
nucleic acid (Nielsen, P. E. et al. 1993 Anticcmcer Drug Des, 8:53-63). A skilled artisan 
25 can readily obtain these classes of nuddc add molecules using the herein desoibed 
modified cpex nucleotide sequences, see for example Imiovative and Perspectives in Solid 
Phase Synthesis (1992) Egholm, et al. pp 325-328 or U. S. Patent No. 5,539,082. 
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Embodiments of the APEX-encoding nucleic acid molecules of the invention include 
DNA and RNA primers, which allow the specijQc amplification of nucleic acid molecules 
S of the invention or of any specific parts tfaereoi^ and probes tiiat selectively or specifically 
hybridizse to nucteic acid molecules of the invention or to any part thereof The nucleic 
acid probes can be labeled with a detectable marker. Examples of a detectable marker 
include, but are not limited to, a radioisotope, a fluorescent compound, a bioluminescent 
compound, a chemiluminescent compound, a metal chelator or an eazymc. Technologies 
10 fixT genefating labeled DNA and RNA probes are wdl known, 

APEX PROIUNS AND POLYFEFTIDES 

APEX pxotdns of this invention belong to the Ig supez&mily and may be involved in 
IS ligand bindiog and signal transduction. The predicted sequence of APEX proteins 
includes a N-terminal hydrophobic signal peptide, an extracellular donaain consisting of. 
two Ig-like regions^ a transm^brane domain, and an intracellular domain (for 
description. See Examples 1-3). APEX proteins can be full length or fragments thereof 
that have APEX activity. 

20 . 

In one embodiment, the APEX-1 protein includes a N-tetminal 22 amino add 
hydroidiobic signal peptide, a 203 amino acid extracellular domain, a 24 amino acid 
transmembrane domain, and an 86 amino add intracellular domain (see Figure 5). 
APEX-1 is encoded by nucleotide sequence 42 to 1049 as shown in SEO ID NO. 1. 
25 Further, APEX-1 includes an extracellular domain. The extracellular domain of APEX-1 
can be encoded by, for example, nucleotide sequence 108*716 as shown in SEQ ID N0» 
1. . 

In another embodiment APEX-2 protein comprises a putative signal peptide of 29 amino 
30 adds, a 210 amino acid extracellular domain, a 23 amino acid transmembrane domain, 
and an 89 amino add. cytoplasmic domain (see Figure 6). APEX''2 is encoded by' 
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nucleotide sequence 162 to 1217 as shovm in SEQ ID NO. 2. Further, APEX-2 includes 
an extracellular domain. Hie extracellular domain of APEX*2 can be encoded by» for 
example, nucleotide sequence 249 to 875 as shown in SEQ ID NO* 2. 

In yet another embodiment, APEX-3 comprises a 22 amino acid signal peptide^ a 209 
amino acid extracellular dontiain, a 23 amino acid transmembrane domain, and a 31 
amino acid cytoplasmic domain (Figure 7)* The putative cytoplasmic domain of APEX-3 
is much shorter than the cytoplasm of other CD2 subgroiq) members, APEX-3 is encbded 
by, for example, nucleotide sequence 115 to 972 as shown in SEQ ID NOi 3. 

APEX proteins share structural smiilarities with membm of the CD2 subfiunily. Urns, it 
is postulated that APEX proteins represent a fiimily of cell-surfoce receptors that r^;ulate 
adhesion and ^erate co-stimulatory sigoab to mediate leukocyte proliferation, 
differentiation, migration, or activatioiL It is possible that APEX protems enhance 
antigens-specific proliferation and cytokine production, sunilar to SLAM which is another 
member of the CD2 subfamily. Thus, APEX protems inay prove to be a potential target 
for diseases with an inflammatory and autoimmune component. 

As used herein, APEX protems of this invention include a protein that has the amino acid 
20 sequence of human APEX-1 as provided in Figure 5 (e.g., SEQ ID NO.: 4), the anuno acid 
. sequraice of murine APEX-2 as provided in Figure 6 (eg., SEQ ID NO.: S), the amino add 
sequence of human APEX-3 as provided in Figure 7 (SEQ ID NO.: 6), or other mammalian 
APEXhomologues, as well as allelic variants and conservative substituticm mutants of these 
proteins^ that have structural similarities to APEX protems of the invention, or APEX 
25 activity or fimction. Oue ^sp&ct of the mvention provides various APEX protems and 
peptide fiagments theieof having APEX activity. For the sake of oonvaoience, all APEX 
protems will be collectively refened to as the APEX protems^ the proteins of the invention; 
orAPEX. 

30 As used herem,"APEX^ refers to the anuno acid sequence of APEX po^ 
\ _ any species, particularly mammalian^ including bovine, ovine, pordne, murine, equine^i 
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and preferably human, in a naturally occurring farm or from any source whether natural, 
srynfhetic, semi-syntiietic or recombinant As used herein, "naturally occuning" refers to 
an amino acid sequence ^ch is found in nature. 

5 The term "having APEX activity" refisrs to an APEX protein or fragment having a 
function of the naturally occurring APEX and/or ability to recognize and bind ligands or 
antibodies directed against APEX. The term "APEX acttvity"* further defines the 
c£q[)ability to induce a specific immune response in appropriate animals or cells and to 
bind with specific APEX antibodies. 

10 

The teon "derivative" as used herein refers to a chemical modification of the apex nucleic 
add molecule or the encoded APEX protein. Illustrative of such modifications of an 
APEX protem would be replacement of hydrogen by an alkyl, acyl, or amino groiqp. An 
APEX derivative would encode a polypeptide which retains ttie essential biological 
IS characteristics and activities of natural APEX. 

Variant Polypeptides and Proteins 

The present invention provides APEX proteins including all isolated, naturally occurring or 
20 recombinantly made allelic variants; isoforms, and precursors of human APEX-1 or -3 as 
provided in Figures S and 7, respectively; and murine APEX-2 as provided in Figure In 
general, for example, naturally occurring aUelic variants of human or murine APEX will 
share significant homology (e.g., about 70 - 99%) to the APEX amino add sequences 
provide in Figures 5, 6, and 7. Allelic variants, though poSsessiing a shortly different 
25 amino add sequence, mo/ be expressed on tiie sur&ce of APCs cells or may be secreted or 
shed 

T^ically, allelic variants of the APEX protein can include one or more conservative amino 
add substitutions fix>m the APEX sequence herein described or wiU inclu^^ 
30 an amino acid from a corresponding position in an APEX homologue such as, for example, 
, - themurine APEX homologue described herein. - - 
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One type of allelic variant of apa encode APEX proteins having amino acid sequences 
with one or more amino acid substitutions, insertions, deletions, truncations, or fiame shifts. 
Such alleles are termed mutant alleles of APEX and represent proteins that may or may not 
S perfcxmi &e same biological fimctions as wild-type APEX» such as function as a cell-sui&ce 
receptor. 

Another variant of APEX m^ have an amino acid sequence that is drfifetent by one or 
more amino acid "substitutions''. The variant may have "cons^otive" changes, whearein 

10 a substituted amino add has mnilar structural or chemical properties, e.g*, replacement of 
leucme with isoleudxia Alternatively, a variant may have **nonconservative'* changes, 
e.g., rq)laoement of a glycine with a tryptophan. Similar minor variations may also 
inchide amino acid deletions or insertions, or bofli. Guidance in determining ^ch and 
how many amino acid reddues may be substituted, inserted or deleted may be found 

1 S usinjg computer programs well known in the art, for example, DNASTAR software. 

Conservative amino acid substitutions can firequently be made in a .protein without 
altering either the conformation or the function of the protein. Such changes include 
substituting any of isoleucine Q, valine (V), and leucine (L) for any other of these 

20 hydrophobic amino acids; aspartic acid (D) for glutamic acid (E) and vice versa; 
glutamine (Q) for asparagine (N) and vice versa; and serine (S) for tfareonuke (T) and vice 
versa. Other substitutions can also be considered conservative, depending on the 
environment of the particular amino acid and its role in the three-dimensional structure of 
the protein. For exanq>le, glycine (O) and alanine (A) can firequentiy be interchangeable, 

25 as can alanine (A) and valibe (V). Methionine (Nf), which is relatively hydrophobic, can 
frequently be interchanged with leucine and isoleucine, and sometimes with valine. 
Lysme (K) and arginine (R) are frequentiy interchaiigeable in locations in which the 
significant feature of the amino acid residue is its charge and the differing pK*s of these 
two amino acid residues are not significant Still other changes can be considered 

30 "conservative" 1(1 particular environments. 
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APEX proteins may be embodied in many foims, preferably in isolated fonn. As used 
herein, a protein is said to be isolated v/bm physical, mechanical or chemical methods are 
erq)loyed to remove the APEX protein fix)m cellular constituents that are normally 
associated with the protein. A skilled artisan can readily employ standard purification 
5 methods to obtain an isolated APEX protem, see for example Strategies for Protein 
Purification and Characterization (1996) pp 396, Marshak, D. R. et al. 

A purified APEX protein molecule will be substantially free of other proteins or 
molecules that impair the binding of APEX to antibody or other ligand. The nature and 
10 degi^ of isolation and purification wiU dq)eDd on the intend Embodiments of the 
APEX protein include a purified. APEX protein, or fi»gment thereof having APEX 
activity. Examples of a purified APEX protem include proteins having the amino add 
sequence shown in Figures 5, 6, or 7, or a firagment thereof In one form, such purified 
APEX proteins, or fifagments thereof retain the ability to bind antibody or other ligand. 

15 

The tma "purified" as used herein means a specific isolated nucleic acid molecule or 
protein, or firagment thereol^ in which substantially all contaminants (i.e. substances that 
differ fix>m said specific molecule) have been separated fix>m said nucleic acid molecule 
or proteiiL For example, a protein may, but not necessarily, be "substantially purified" by 
20 the immuno affinity column chromatography (IMAC) method. 

Peptides 

APEX proteins and APEX proteins and peptide fisgmmts of APEX having APEX activity 
25 can be generated using standard peptide synthesis technology and the amino acid sequenced 
of tie human or murine APEX protehis disclosed hereiiL The principles of solid phase 
chemical synthesis of polypeptides are well known in the art and may be fi>und in general 
texts relating to this area (H. Dugas and C. Penney, 1981 in; Bioorganic Chemistry^ 
SpringCT-Veriag, New Yorlc, pp 54-92). The polypeptides of tine invention may be 
30 synthesized by solid-phase metiiodology utilizing an Applied Biosystems 430A peptide 
_ synthesizer (Applied Biosystems, Foster City, Calif;) and synthesis cycles supplied by 
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Applied Biosystatns. Protected amino acids, sudi as t«btitoxycarbonyl-protected amino 
acids, and other reagmts are commercially available from many chemical supply houses. 

Alternatively, recombinant methods can be used to generate nucleic add molecules that 
5 encode a fragment of the APEX protein having the sequmce and lot activity of APEX 
prateiJL In this regard, the APEX-encoding nucleic acid molecules described hecein 
provide means for ^lerating defined fragments of APEX protem. 

As discussed below, peptide fragments of APEX are particular)^ useM m: gpieratiiig 
10 domain q)eQific antibodies; idmti^dng ag^ that bind to APEX or an APEX domain; 
idmtifying cellular fiurtois that bind to APEX or an APEX domain; and isolating 
homologues or other allelic forms of APEX. APEX peptides, including particularly 
interesting structures, can be predicted and/or identified using various analytical techniques 
well known in the art Qlost, B., and Sander, C. 1994 Proteins 19:55-72), including, for 
15 example, tihe methods of Chou-Fasman, Gamier-Robson, Kyte-DooUttle, Eisenberg, 
Kaiphis-Schultz or Jameson-Wolf analysis, or on tiie basis of immunogenicity. Fkagments 
including such residues BSte particularly usefid in generating subunit-spedfic anti-APEX 
antibodies or in identifying cellular &ctors that bind to APEX. 

20 The APEX proteins of tiie invention may be useful for a variety of purposes, including but 
not limited to their use as diagnostic and/or prognostic markexs on APCs or APEX- 
esqxcessing cells, the ability to elicit the generation of antibodies, and as targ^ fi>r various 
therapeutic modalities, as frnrtfaer described below. APEX proteins may also be used to 
idratify and isolate iigands and other agents that bind to 

25 

APEX AimBODIES ANQ USES THEREOF 
Antibodies 

30 The invention fiirther provides antibodies (e.g., polyclonal, monoclonal, chimeric, 
humanized, and human nionoclonal antibodies) that bind to APEX. The most piefiared 
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antibodies will selectively bind to APEX and will not bind (or vnH bind weakly) to non- 
APEX proteins. Anti-APEX antibodies that are particularly contenqplated include 
monoclonal and polyclonal antibodies as well as firagm^its thereof (e.g., recombinant 
proteins) including the APEX antigen- binding domain and/or one or more complement 
5 detemiining regions of these antibodies.. These antibodies can be fix>m any source, e,g., 
rabbit, sheep, rat, dog, cat, pig, horse, niouse and human* 

hi one embodim^it, the APEX antibodies specifically bind to the exttaceUular domain of 
an APEX protein.- hi other CTobodimmts, the APEX antibodies specifically bmd to other 

10 domains of an APBX protein or piecurscur, for example the APEX antibodies bind to the 
intracellular domain. As will be understood hy fliose ddlled in the art, the regions or 
epitopes of an APEX protein to which an antibodt^ is duected may vary witibi die intended 
q>plication« For example, antibodies intended for use in an immunoassay for the 
detection of membrane-bound APEX on viable cells should be directed to an accessible 

IS epitope on membrane-bound APEX. Antibodies that recognize other epitopes may be 
useful for the id^tification of APEX wittun damaged of dying cells, for the detection of 
secreted APEX proteins or fragments thereof 

The invention also encompasses antibody fragments that specifically recognize an APEX 
20 protein. As used herein, tm antibody fragment is defined as at least a portion of the 
variable region of the inraiunoglobuUn molecule that binds to its target, i.e., the antigen 
binding region. Some of the constant region of tiie immunoglobulin may be included. 

For example, the predicted extracellular domain of APEX represents characteristics of a 
25 potential marker for screening, diagnosis, prognosis, and follow-iqi assays and imagmg 
meAods. In addition, these diaracteristicsuidicate that APEX n^ 
for therq>eutic methods such as targeted antibody therapy, immunothenqpy, and gene 
ther^y to treat conditions associated with ftp presence or absence of APEX proteins. 

30 Various meftods. for the preparation of antibodies are weUlaiown in ft^ For example, 
antibodies may be prepared by immunizing a suitable mammalian host using an APEX 
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protein, peptide, or ftagment, in isolated or immunoconjugated form (Harlow (1989), in: 
Antibodies, Cold Spring Harbor Press, NY). In addition, fusion proteins of APEX may also 
be used, such as an APE;X-0ST, or APEX-4agged fusion proteins, or APEX-human Ig- foor 
example Human Ig and other mannnalian spedes especially mouse* Cells e}qsress]ng or 
S overeyqxressing APEX may also be used for immunizations. Similady, any cell engineered 
to express APEX may be used This strategy may resdt in fhe production of monoclonal 
antibodies ^tii enhanced capacities for recognizing oidogenous APEX. 

.Chimeric antibodies of tiie invention are immunoglobulin molecules that comprise at 
10 least two antibody portions fiom differmt species, for exan^le a human and non-hmnan 
portioiL The antigen combining region (variable region) of a diimeric antibody can be 
derived from a non-human source (e,g, murine), and the constant region of the chimeric 
antibody which confers biological effector function to the immunoglobulin, can be 
derived fix)m a human source. The chimeric antibody should have the antigen binding 
IS specificity of the non-human antibody molecule and the effector function conferred by 
the human antibody molecule. 

Antibodies of several distinct antigen binding specificities have been manipulated to 
produce chimeric proteins such as anti-TNP (Boulianne et al.. Nature 312:643 (1984)) 

20 and antitumor antigens (Sahagan et al., X JbmnunoL 137:1066 (1986)). Likewise, several 
diffecent elfector functions have been achieved by linking new sequences to tiiose 
encodmg the antigen binding region. Some of these include enzymes (Neuberger et al., 
Nature 312:604 (1984)), immunc^obulin constant regions firom another q)ecies and 
constant regions of another immunoglobulin chain (Sharon et al.. Nature 309:364 (1984); 

25 Tan et al., J. Immunol 135:3565-3567 (1985)). Additicmally, procedures for modi^dng 
antibody molecules and for producmg chimeric antibo(fy molecules using homologous 
recombmation to target gene modification have been described (Fell et al., Proa Natl 
Acad Sci USA 86:8507-851 1 (1989)). 
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APEX mAbs can be used to stain the cell surfece of APEX positive cells for detection. 
Additionally^ some of the antibodies of the invention are intemiilizing antibodies, Le., tiie 
antibodies ais intemali2^ into the eeU ijpon or af^ 

5 The amino acid sequences of APEX proteins piesented herein may be used to select specific 
regions of the APEX protein for ^Derating antibodira^ For example, hydiophobicity or 
hydrophilidly analyses of the APEX amino add sequence may be used to identiJgr 
hydrophilic r^cms in the APEX stmcture. Regions of flie APEX protein that show 
unmunog^c structure, as well as other regions and domains, can readily be identified nging 
10 various other methods known in the art, such as Chou-Fasman, Gamier-Robson, Kyte- 
Doolitde,^enberg,Kaiplus-SdiultZQrJa^ Fragments including these 

residues are particularly suited for generating specific classes of anti-APEX antibodies. 

Methods for preparing a protein for use as an immunogen and for pieparijDg immunogenic 
IS conjugates of a protein with a earner such as BSA, KLH, or other carrier proteins are well 
' known in the art (Harlow and Lane, 1988, in: Antibodies: A Laboratory Manual. G)ld 
Spring Harbor Press). In some ciicumstances, direct conjugation using, for example, 
carbodiimide reagents may be employed; in other instances Imkmg reagents such as those 
supplied by Pierce Chimiical Co., Rockford,.IL, may be effective. Administration of an 
20 APEX irtmunogen is conducted generally by injection over a suitable time period and with 
use of a suitable adjuvant, as is gqierally understood in the art During tiie inmiunization 
schedule, titers of antibodies can be taken to detomine adequacy of antibody formation. 

^^e the polyclonal antiseia produced in tins way msy be satis&ctory for some 
25 plications, for pharmaceutical compositions, monoclonal antitxx^ preparations are 
preferred, bnmortalized cell lines whidi secrete a desired monoclonal antibody vmy be 
prepared using the standard method of Kohler and Milsteiii (Nature 256: 495-497) or 
modifications which effect inMnortalization of lymphocytes or spleen cells, as are generally 
Idiown. The immortalized cell lines secreting the desired antibodies are screened by 
30 unmunoassay m which the antigen is tiae APEX protein or APEX ftagment having APEX 
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activity. When the s^Tpioidate inmuntalized cell culture secreting the desiied antibody is 
identijBed, the cells can be cultured either in vitro, or by production in ascites fluid 

The desired monoclonal antibodies are then recovered from fte culture svq}ematant or fiom 
S the ascites siq)eniatant Fragments of the monoclonal antibodies of the invention or the 
polyclonal antisera (e.g.. Fab, TiBLh% Fv fragments, frision proteins), vMch include the 
immunologically significant portion (ie., a portion that reco^iizes and hmds APEX), can be 
used as antagonists, as well as the intact antibodies. 

10 Humanized antibodies dhectedapinst APEX are also useful As used herein, a humanized 
APEX antibody is an immunoglobulin molecule vMcHi is capable of bindmg to APEX, and 
vriiidi comprises a fiamewoik regbn (FR) region havmg substantially the amino add 
sequence of a human immunoglobulin, and a complementarity detenmnmg region (CDR) 
having substantially the amino acid sequence of nonrfauman immunoglobulin, or a sequence 

IS engineered to bind APEX. These humanized or '^chimeric antibodies" are produced by 
splicing of mouse antibody genes io human antibody genes to obtain a molecule vvith 
qjpropriate antigen specificity and biological activity (Morrison, S.L et al. (1984) Proc. 
Natl Acad, ScL 81, 6851-6855; Neuberger, M.S. et al. (1984) Nature 312, 604-608; and 
Takeda, S. et al. (1985) 314, 452^54). Alternatively, Single chain antibodies may be 

20 developed using methods known m the art, to produce APEX-specific single, chain 
antibodies. Antibodies with related specificity, but of distinct idiotypic composition, may 
also be produced by chain shu£Qing fit)m random combinatorial immunoglobulin libraries 
(Burton, D.R. (1991) Proc. NatL Acad 5W. 86, 3833-3837; Winter, G. et aL (1991) Nature 
349,293-299). 

25 . ' . 

Use of unmunologically reactive fiagments, such as the Fab, Fab » or F(Bb% fisgmmts is 
often preferable, especially in a therapeutic context, as these fiagmmts are generally less 
inununogenic than the whole inmiunoglobulicu The invention also provided pharmaceutical 
compositions having the monoclonal antibodies or anti-idiotypic monoclonal antibodies of 

30 tfaeinventioru 
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The antibodies or fiagments may also be produced, usmg cuireat techm)logy, by 
lecombiDant means. Ri^ons that bind spedfically to fhe desired regions of the APEX 
protein can also be pioduced in the context of chimeric or CDR grafted antibodies of 
muhiple species origiiL The invention includes a monoclonal antibody^ the antigen- 
binding region of vMch competitively inhibits the iammnospedfic Wading of any of tihie 
monoclonal antibodies of the invention to its target antigeiL Further, the invention 
provides recombinant proteins comprising the antigen-binding r^on of way the 
monoclonal antibodies of the invention. 

Novel antibodies of human origin can be also made to the antig^ having the apptapnate 
biological fiuK^tions. The conq>letely human antibodies are particularly desirable fi>r 
therapeutic treatment of human patimts. The human monoclonal antibodies may be fn^^^ by 
using the antigen, e.g. an APEX protein or pq)tide tfaereo:^ to sensitize human lymphocytes 
to the antigen in vitro. Mowed by EBV-trensfimnation or hybridization of the antigen- 
sensitized lynq)hoGytes with mouse or human lytnqphocTtes, as described by Bonebaeck et 
al. (Proa NatL Acad SciVSA 85:3995-99 (1988)). 

Alternatively, human antibodies can be produced using transgenic animals such as mice 
i^ch are incapable of expressing endogenous immunoglobulin heavy and light chain 
genes, biit which can express human heavy and li^t chain genes. The transgenic mice ate 
immunized in die normal feshion witii a selected antigen» e.g., all or a portion of a 
polypeptide of ihventioa Monoclonal antibodies directed against the antigen can be 
produced using conventional hybridoma technology. The human immunoglobulin 
transgenes harbored by the transgenic mice rearrange during B cell diffeientiation, and 
subsequendy undergo class switching and somatic mutations. Thus, usjxig this techn6logy, it 
is possible to produce thers^ticaUy useful IgO, IgA, and antibodies. For an overview 
of tins technology to produce human antibodies, see Lonbeig and Haszar (1995, M. Rev. 
Immunol 13;65-93). *A detailed discussion of this technology fiir producmg human 
antibodies and human monoclonal antibodies can be found in U.S. Patents 5,625,126; 
5,633,425; 5,569,825; 5,661,016; and 5,545,806. 
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The antibody, or fiagmeDt thereof, of the invendon may be labeled with a detectable 
maiker or conjugated to a second molecule^ such as a therapeutic agent (e.g., a cytotoxic 
agent), thereby resulting in an inmiunocon|ugate. For example, the therapeutic agent 
mcludes, but is not limited to, an anti-tumor drug, a toxin, a radioactive agent, a cytokine, 
5 a second antibody or an enzyme. Further, the invention provides an embodunentwherdn 
the antibody x>f the invention is linked to an enzyme that conv^ a prodrug into a 
cytotoxic drug. The immunoconjugate can be used for targeting the second molecule to 
an APEX positive cell (Vitetta, E.S, et al., 1993 **hnmunotoxin Therapy**, in DeVita, Jr., 
V.T. et al., eds. Cancer: Principles and Practice of Oncology, 4fh ed, JJB* lippincott 
10 Co., Philadelphia, 2624-263i6). 

Examples of cytotoxic ag^ts include, but are not limited to ricin, doxorubicin, 
daunorubidn, taxol, ediiduim bromide, mitomycin, etoposide, tenoposide, vincristine, 
vinblastine, colchicine, dihydroxy anthradn dione, actmomycin D, diphteria toxin, 
15 Pseudonumas exotoxin (PE) A, PE40, abrin, and glucocorticoid and other 
chemotherapeutic agents, as well as radioisotopes. Suitable detectable markers include, 
but are not limited to, a radioisotope, a fluorescent compound, a bioluminescent 
compound, chemiluminescent compound, a metal chelator or an enzyme, 

20 Additionally, the recombinant protein of ^ invention comprising the antigen-binding 
region of any of the monoclonal antibodies of ^ invention, can be used to treat diseases 
associated with the presence of APEX pnytrins. b such a rituation, the antig^-Ubodin 
region of the recombinant protein is joined to at least a functionally active portion of a 
second protein having therapeutic activity. The second i»otein can include, but is not 

25 limited to, an ens^e, lympholdne, oncostatin or toxim Suitable toxins include 
doxorubicin, daunonibicin, taxol, etUduim bromide, mitomycin, etoposide, tenoposide, 
vincristine, vinblastine, colchidne, dihydroxy antiuacm dione, actmomycin D, diphteria 
toxin, Pseudomonas exotoxin (PE) A, PE40, ricm, abrin, glucocorticoid and 
radioisotopes. 

30 
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Techniques for conjugating or joining therq>eudc agents to antibodies are well known (see, 
e.g., Amon et al., "Monoclonal Antibodies For Inununotargeting Of Drugs In Cancer 
Therapy", in Monoclonal Antibodies And Cancer Therqpyy Reisfeld et al. (eds.), pp. 243-56 
(Alan R. Liss, Inc. 1985); Hellstrom et al., "Antibodies For Drug Delivery", m Controlled 
Drug Delivery (2nd Ed), Robinson et aL (eds.), pp. 623-53 (Marcel Dekker, Inc. 1987); 
Thorpe, "Antibody Carriers Of Cytotoxic Agsbls to Canc^ Tbetapy: A Review", in 
Monoclonal Antibodies '84:' Biological And Climcdl Applications:, Pindiera et al. (eds.)* pp* 
475-506 (1985); and Thorpe et al,, "The Pteparatian And Cytotoxic Pioperties Of Antibody- 
Toxin Coiyugates", bnrmmol Xev,^ 62:1 19-58 (1982)). 

Use of flie Antibodies 

APEX antibodies of the inv^on may be particularly useful in diagnostic assays and 
imaging methodologies. He invention provides various immunological assays useful for 
the detection of APEX proteins. Such assays generally comprise one or more APEX 
antibodies capable of recognizing and biijding an APEX protein, and include various 
immunological assay formats well knovm in the art, including but not limited to various 
types of precipitation, agglutinaticm, complonent fixation, radioimmimoassays (RIA), 
enzyme-linked immunosorbent assays (ELISA), enzyme-linked immunofluorescent assays 
(ELIFA) (H. liu et al. Cancer Research 58: 4055-4060 (1998), immunohistochemical 
anafysis and the like. 

In order to provide a basis for diagnosis, normal or standard values far APEX e}qpression 
must be established. Ihis is accomplished by combining body fluids or cell extracts taken 
fiom noimal subjects with antibody to APEX under conditions suitable for complex 
fermation, are well known in the art The amount of standard coniplex formation may 
be quantified by comparing various artificial .membranes containing known quantities of 
APEX with both control and disease samples fix>m biopsied tissues. Then, standard values 
obtained fiom normal samples may be compared with values obtained fiom subjects 
pot^tially affected by disease. Deviation between standard aoid subject values establishes 
the presence of a disease state. " : 
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In addition, immunological imaging methods cq>able of detecting APEX-eKpressing cells 
are also provided by the inv^on, including, but not litnited to, radiosdntigiaphic mpt^n ^ 
me&ods using labeled APEX antibodies. Such assays may be dinically useful in the 
5 detection and monitoring. 

In one embodiment, APEX antibodies and fragments thereof (e.g., Fv, Fab\ F(ab02) are 
used for detecting the presence of a cell expressing an APEX protein. The presence of 
such APEX positive (+) cells within various biological samples, mcluding blood, serum, 
10 urine, tissue, etc., may be detected with APEX antibodies. In addition, APEX antibodies 
m^ be used in various inuring methodologies, such as ioununoscmtigraphy with 
Induim-i 1 1 (or otber isotope) conjugated antibody (Sodee et al., 1997, Clin Nuc Med 21: 
759^766). APEX antibodies may also be used Iher^utically to mhibit APEX ftmction. 

1 S APEX antibodies may be used in methods for purifying APEX protems and peptides and for 
isolating APEX homologues and related molecules. For example, in one embodiment, the 
method of purifying APEX protein comprises incubating an APEX antibody, which has 
been coupled to a solid matrix, with a lysate or other solution including APEX imder 
conditions which permit the APEX antibocfy to bind to APEX; washing the solid matrix to 

20 eliminate impurities; and eluting ftie APEX fix)m the coiq)led antibody. Additionally, APEX 
antibodies may be used to isolate APEX positive cells using cell sorting and purification 
tedmiques. The presence of APEX on cells (alone or in combination with otiier cell 
sur&ce markers) m^ be used to distinguish and isolate APEX-e3q»:essing cells fiom 
other cells, using antibody-based cell sorting or affinity purification techniques. Other 

25 uses ofthe APEX antibodies of the invention include ^leratinganti-^^ 

tiiat mimic the APEX protdn, e:g., a monocloiml anti-idiotypic antibody reactive witii an 
idiofype on any of the monoclonal antibodies of the invention. 

The antibodies of the invention may be used to generate large quantities of relatively pure 
30 APEX-positive cells which can be grown in tissue ciilture or administered ex vivo to a 
subject^ - - 
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Another valuable application of using antibodies to generate APEX-positive cells is the 
ability to isolate, analyze and experiment with relatively pure preparations of viable 
APEX positive cells cloned from individual subjects or patients. In this way, for 
5 example^ an individual subject's cells may be expanded from a limited biopsy sample and 
dien tested for Ifae presence of diagnostic and prognostic genes, proteins, diromosomal 
abeirations, gene e^qAcession profiles, or other relevant genotypic and phenotypic 
characteristics, without the potentially confounding variable of contaminating cells. 
Similarly, patient-^sfpecific vaccines and cellular immunotherapeutics may be created from 
10 such cell preparations. 

Other uses of the APEX antibodies of the invention include generating anti-idiotypic 
antibodies that mimic the APEX protems of the mvention, e.g*, a monoclonal anti-idiotypic 
antibody reactive with an idiotype on any of the monoclonal antibodies of the invention. 
15 Anti-idiotypic antibodies of the APEX antibody may be used tfierapeutically in the 
treatment of APEX-associated disorders. 

METHODS FOR ISOLATING ADDITIONAL APEX-£NCODING NUCLEIC ACID 
20 MOLECULES 

The APEX-encoding nucleic add molecules described hea^in enable the isolation of APEX 
homologues, ahemativdy sliced isoforms, alleUc variants, and mutant forms of the APEX 
protein as well as tiieir coding and gene sequences. The most prefened sources of APEX 
25 homologues are mammalian organisms. 

For example, a portion of the APEX-encoding sequence herein described can be synthesized 
and used as a probe to retrieve DNA encoding a member of the APEX femily of proteins 
fiom organisms other than human, allelic variants of tiie human APEX protein herem. 
30 described, and genomic sequence including the apex gqne. Oligomers containing 
qiproximately 18-20 nucleotides (encoding about a 6-7 ammo add staetch).are prepared and 
used to screen genomic DNA or cDNA libraries to obtain hybridization under stringent 
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oondrtioiiSi or conditions of sidBSdeDt sbingen^, to elimiTigtft an undue level of fidse 
positives. 

In addition, Ihe amino acid sequ^ce of the human or murine APEX protein may be used to 
5 generate antibo^ probes to screen expression libraries prqjared fiqm cells to obtain APEX 
homologues j&om other mammalian species. Typically, polyclonal antiserum fixm 
mammals sudi as rabbits immunized witfa the purilB ed protein or monoclonal antibodies can 
be used to probe an expression library prepared 6om a taz]get oxganisn, to obtain &e 
appropriate coding sequence for an APEX homologue. The cloned cOSNAseqiKiice can be 
10 expressed as a fusion protein, expressed directly using its own conbx>l sequences, or 
expressed by constructing an expression cassette using control sequences qpncpiate to die 
particular host used for exjxresaon of the endnote. 

Genomic clones including APEX ^oes m^ be obtained using molecular cloning ro^ods 
IS known in the art In one embodiment, an ^pex <^NA pi^ 

genomic library, such as libraries constructed in lambda phage, or BAG (bacterial artificial 
chromosome) (* YAC (yeast artificial chromosome), to obtain a genomic clone of an (pex 
gene. 

20 Additionally, pairs of oligonucleotide primers can be prepared for use in a polymerase chain 
reaction (PGR) to selectively an5)lify/clone an APEX-encoding nucleic acid molecule, or 
fisgment thereof A PGR denature/anneal/extend q^cle for using sudi PGR prm 
known in the art (U. S. Patent No. 4,683,202 and 4,965,188) and can leadify be adqited for 
use in isolating other APEX-encoding niK^leic add molecules. 

25 . 

Non-human homologues of qpex, naturally occurring allelic variants ofcpex and gnomic 
(pex sequences will share a high degree of homology to the human qpex sequences herein 
described. In general^ such nucleic. add molecules will hybridize to the human cpex 
sequence under stringent conditions. Sudi sequences will typically have at least 70% 

30 homology, preferably at least 80%, and most faeferably at least 90% homology to the 

himian flpex-sequence 
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Stringent conditions are those tbal employ low ionic strength and high temperature for 
washing. For example, stringent salt concentration will ordinarily be less than 750 mM 
NaCl and. 75 mM sodium citrate, preferably less than about 500 mM NaCl and 50 mM 
sodium citrate, and most preferably less than about 250 mM NaCl and 25 mM sodium 
citrate. Low stringency hybridization can be obtained in the absence of organic solvent, 
e.g., formamide, while high stringency hybridization can be obtained in the presence of at 
least about 35% formaniide, and most preferably at least about 50% formamide. Stringent 
temperature conditions will nonnally include a tenqpeiature of at least about 30^C, more 
preferably at least about 37^C, and most preferably of at least about 42**C Varying 
additional parameters^ such as hybridization time, the concentration of detergmt, e.g., 
sodium dodec^l sulfete (SDS), and tiie inclusion or exchision of carrier DNA are well 
known to those skilled in the art Various levels of stringency are achieved by combining 
these various conditions as needed. In a preferred embodiment, hybridization will occur ■ 
at 30°C in 750 mM NaCl, 75 mM sodium citrate, and 1% SDS. hi a more preferred 
embodiment, hybridization will occur at 37°C in 500 mM NaCl, 50 mM sodium citrate, 
1% SDS, 35% fommmide, and 100 pg/knl denatured salmon sperm DNA (ssDNA). In a 
most preferred enibodiment, hybridization will occur at 42^C in 250 mM NaCl, 25 mM 
sodiuna citrate, 1% SDS, 50% formamide, and 200 fig/^ml ssDNA. Appropriate variations 
on these conditions will be readily apparent to those skilled in the art 

The washing steps that follow hybridization can also vary in stringency. Wash stringency 
conditions can be defined by salt concentration and by temperature. As with the 
hybridization, wash stringency can be increased by decreasing salt concratration or by 
increasing temperature. For example, stringent salt concentration for the wash steps will 
preferably be less than aboxit 30 mM NaCl and 3 mM sodium citrate, and most 
preferably, less than about IS mM NaCl and 1.5 mM sodium citrate. Stringent, 
temperature conditions for wash steps will normally include a temperature of at least 
25°C, more preferably of at least 42**C, and most preferably of at least about 68**C. In a 
preferred embodiment, wash steps will occur at 25**C _in 30 mM NaCl, 3 mM sodium 
citrate, and 0.1% SDS. In a mor6 preferred embodiment, wash steps will occur at 42''C in 
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15 mM NaCl, 1.5 mM sodium dlrate and 0.1% SDS, In a most prefered embodiment, 
wash steps will occur at 68°C in 15 mM NaCl, L5 mM sodium citrate, and 0.1% SDS, A 
skilled artisan can readily determine and vaiy the stringency conditions appropriately to 
obtain a clear and detectable hybridization signal 

5 

RECOMBINANT DNA MOLECULES HAVING APEX-ENCODING NUCLEIC 
ACID MOLECULES 

Also provided are recombinant DNA molecules (rDNAs) that inchide APEX-encoding 
10 sequences as herein described, or firagments thereof . As used herein, a rDNA molecule is a 
DNA molecule that has been subjected to molecular manipulation in vitro. Methods for 
generating rDNA molecules are well known in Ifae'art, for example, see Sambrook et al., 
Molecular Qoning (1989). In the pxefened rDNA molecules of the present invention, an 
APEX-^coding DNA sequence that encodes an APEX protein or a fi»^ is 
15 operably linked to one or more e}q)ression control sequencer The 
rDNA molecule can encode either the entixe APEX pmtetn, or can encode a fiagment of the 
APEX protein havmg APEX activity . 

* . • * 

Ibe choice of vector and/or e3qn:ession control sequences to which the APEX-^ooding 
20 sequence is opjsrably linked depends directly, as is well known m the ar^ on the functional 
properties desired, e.g., protein ejqiression, and the host cell to be transformed. A vector 
contemplated by the present invention is at least cq)able of directing the r^Iication or 
insertion into the host chromosome, and prefiasbly also exjiresston, of the APEX-encoding 
sequence mcluded. in die rDNA molecule. 

25 

Ejqpzession control elements that ore used for regulating the expression of an operably linked 
protein encoding sequence are known in the art and include^ but are not limited to, inducible 
promoters, constitutive promoters, secretion signals, enhancers, transcription terminators 
and other regulatory elemdits. Preferably, an inducible promoter that is re^y controlled, 
30 such as being responsive to a nutrient m the host cell 's medium, is used. 
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In one embodiment, the vector comprising an APEX-encoding nucleic acid molecule will 
include a prokaiyotic replicon^ Le., a DNA sequence having the ability to direct autonomous 
replication and maintenance of the recombinant DNA molecule intrachromosomally in a 
prokaiyotic host ceil, such as a bacterial host cell, transfoimed therewith. Such replicons are 
5 well known m the art In addition, vectors that mclude a prokaiyotic replicon may also 
indttde a gpcie yvbosc expression confers a detectable marker such as a drug resistance. 
Typical bacterial drug resistance genes are those that confer resistance to ampidllin or 
tetracycline. 

10 Vectors that inchide a prokaiyotic rq)ficon can fertfaer include a prokaiyotic or viral 
promoter cqpable of directing the expression (txanscrqrtion and translation) of the APEX- 
encoding sequence in a bacterial host cell, such as R colL A promoter is an expression 
control element formed by a DNA sequence Oat permits binding of RNA polymerase and 
transcription to occur. Promoter sequences compatible with bacterial hosts are typically 

IS pmvided in plasmid vectors containing convenient restriction sites for insertion of a DNA 
segment of the present invention. Various viral vectors well known to those skilled in the 
art may also be used, such as, for example, a number of well-known retroviral and 
adffloviral vectors. 

20 Exi^ession vectois compatible with eukaryotic cells, preferably ttiose compatible with 
vertebxate cells» can also be used to e^gpiess rDNA molecules that inchide an APEX- 
encoding- sequence, Eukaryotic ceU esqiresdon vectors are weU known in fee art 
available fibm several commercial sources. Typically, such vectors are provided containing 
convenient restriction sites for insertion of fee desired DNA segment lypical of such 

2S vectois aie PSVL and pKSV-10 (Pbaimacia, Uppsala, Sweden), pBPV-l/pML2d 
(fetemational Biotechnologies^ fee.), pTDTl (ATCC, #31255), and annular eukaryotic 
raqsression vectors. 

Eukaiyotic cell expression vectois used to construct the rDNA molecules of the present 
30 invention may ferfeer include a selectable marker that is effective in an eukaiyotic cell, 
~ rpreferably a drug rMstance selectira^^ A j^fened drug resistance marker is the 
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gene ^ose expression results in Beomydn resistance, Le. » Hie neon^dn phosphotransferase 
ineo) gene. Alternatively, the selectable marker can be present on a separate plasmid, and 
die two vectors are introduced by co-transfecdon of the host cell, and selected by cultuiing 
in the presence of the appropriate drug for the selectable marker. 

5 

In accordance with the practice of the invention, the vector can be a plasmid, cosmid or 
phage vector encoding flie cDNA molecule discussed above. Additionally, the invention 
provides a host-vector system comprising the plasmid, cosmid or phagp vector 
transfected into a suitable eukaryottc host cell. Examples of suitable eukaiyotic host cells 
1 0 include a yeast cell, a plant cell, or an annual cell, such as a mamniflliiiTi cell. The host- 
vector system is useful for tiie production of an APEX protein. Alternatively,, the host 
cell can be prokaryotic, such as abacioial cell. 

RECOMBINANT METHODS OF GENERATING APEX PROTEINS 

15 

The inventicm further provides mdhods fi»r produdng an APEX protein using APEX- 
encoding nucleic add molecules herein described. la general terms, the production of a 
recombinant APEX protein typically involves Ifae following steps: 

20 First, a nucleic acid molecule is obtained that encodes an APEX protein or a fragment 
thereof such as the nucleic acid molecule depicted in Figures 5, 6, or 7. The APEX- 
encoding nucleic acid molecule is thm jneferably placed in an operable linkage with 
suitable expression control sequences, as described above, to generate an expresidon unit 
coiBpiising die APEX-encoding sequence. The expression unit is used to transform a 

25 suitable host and the transformed host is cultured under conditions that allow the production 
of tiie APEX protem. The APEX protem is isolated from the medhim or from 
recovery and purification of the protein may not be necessary in some instances vfbstG some 
' impurities may be tolerated. 

30 Each of the forgoing stqps may be done in a variety of w^. For example, the desired 
coding' sequences -m^ be- obtained -from genomic fragments and usied directly in an 
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sppsopmto host The ccmstractiaa of expression vectors that aie operable in a variety of 
hosts is accomplished using an appropriate combination of lepUcons and control sequences. 
The control sequences, e3q)ression vectors, and transfomiation methods are dependent on 
the type of host cell used to express the gene and were discussed in detail earlier. Suitable 
5 restriction sites can, if not normally available, be added to the ends of the coding sequence 
. so as to provide an excisable gene to insert into these vectors/ A skiUed arti^ 
adapt any host/expression system Jamm in the art for use witti APEX-encoding sequences 
to produce an APEX protdn. . 

1 0 la order to express a biologically active APEX, the nucleotide sequence encoding tq^ex or 
its functional equivalent, is inserted into an appropriate expression vector, i.e., a vector 
vMdi contains the necessary elements for the transcription and translation of the inserted 
coding sequence. 

IS Mediods which are ^11 known to those skilled in the art can be used to construct 
e>qjression vectors comprising an cpex coding sequence and appropriate transcriptional or 
translational controls. These methods include in vitro recombinant DNA techniques, 
synthetic twhniques and in vivo recombination or genetic recombinatiorL Such 
techniques are described in Sambrobk et al (1989) in: Molecular Cloning, A Laboratory 

20 Manual, Cold Spring Harbor Press, Plairiview N.Y. and Ausubel F M et al. (1989) in: 
Current Protocol in Molecular Biology, ]ohnWiky&Sox^ 

A variety of expression vector/host systems may be utilized to contain and express an 
€pex coding sequence. These include but are not limited to microorganisms such as 

25 bacteria transformed with recombmant bacteriophage, plasmid or cosmid DNA 
esqnession vectors; yeast transformed vdth yeast expression vectors; insect cell systems 
infected with virus esqpression vectors (e.g., baculovirus); plant cell systems transfected 
with vmis expression vectors (e.g., cauliflower mosaic vmis, CaMV; tobacco mosaic 
virus, TMV), or transformed with bacterial cjcpression vectors (e.g., Ti or pBR322 

30 plasmid), or animal cell systems. 
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Human artificial chromosomes (HACs) may also be employed to deliver larger fiagments 
of DNA than can be obtained in and expressed from aplasmid. HACs of about 6 kb to 10 
Nfb are constructed and delivered via conventional delivery methods (liposomes, 
polycationic amino polymers, or vesicles) for therapeutic purposes (Harrington, J.J. et aL 
5 (1997) Afar. Genet. 15:345-355). 

The "control elements" or "regulatory sequeooes" of these systems vary in their strength 
and specificities and are those nontranslated regions of the vector, enhancers, promoters, 
and 3* untranslated regions, which interact with host cellular proteins to cany out 

10 transcription and translation. Depending on the vector system and host utilized, any 
number of suitable trmscription and translation elements, including constitutive and 
inducible promoters, may be used For exanq>le, when cloning in bacterial systrans, 
inducible promoters such as the hybrid lacZ promoter of the BLUESCRIPT phagemid 
(Stratagene, LaJoUa Calif.) or PSPOB.TI (Oibco BRL) and ptrp-lac hybrids, and the like, 

15 may be used. The baculovirus polyhedrin promoter may be used in insect cells. 
Promoters or enhancers derived fiom the genomes of plant cells (e.g., heat shock, 
RUBISCO; and storage protem genes) or from plant viruses (e.g., viral promoters or 
leader sequences) may be cloned iato the vector. In mammalian cell systems, promoters 
fi:om the mammalian genes or fiom mammalian viruses are Expropriate. If it is necessary 

20 to generate a cell line that includes multiple copies of qpex, vectors based on SV40 or 
EBV may be used with an appropriate selectable marker. 

The invention also provides chimeric or fusion proteins. As used herein, a 'chimeric 
protein" or 'Vision protein" con^qptises all or part (preferably biologiGaliy active) of a 
25 polypeptide of Ae invention operabfy linked to a heterologous polypeptide 0.e., a 
polypeptide otfao: Ihan'tiie same polypeptide of the mvention). Within the fiision protein, the 
term "operabty linked" is mtended to indicate that the polypeptide of the invention and die 
heterologous polypeptde are fused in-fiame to each other. Hie hete3X>logous polypeptide can 
be fiised to IheN-terminus or C-terminus of the polypeptide of the invention. 

30 
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Heterologous protem and peptide moiedes may &dlitate purificadon of fusion jnotein using 
commeidaUy available afiBnify matdces. hi addition, a chimeric APEX piotdn containing a 
heterologous moiety that can be recognized by a commox^ially available antibody may 
facilitate the screening of peptide libraries for inhibitors of APEX activity.. Such 
5 heterologous moieties include, but are not limited to glutathione-S-transferase (GST), 
unmunoglobulin (Ig), mahose binding protein (MBP), fliioredoxin (Tix), calmadulin 
biiiding protein (CBP), 6-IBs, FLAG, and hemaglutinin (HA). A fusion protein may be 
engineered to contain a proteolytic cleavage site located between the APEX aoodmg 
sequences and Ihe heterologous protein sequence, so that tfie APEX seqii^ces may be 
10 cleaved vsmy &om the hetoolo^us moiety Mowing purification. Metiiods for fusion 
protein repression and purification are discussed in Ausubd ( 1 995, stqfte^ ch 1 0). A variety 
of commercially available kits may also be used to &cilitate e^qxression and purification of 
fusion pioteia 

15 In one embodiment, the fusion protein is a GST-fusion protem in which the polypeptides of 
die invention are fiised to the C-tetminus of GST sequences, hi a more preferred 
embodiment, the fusion protein is an unmunoglobulin fiision {notein in which all or parts of 
a polypeptide of the invention is fused to sequence derived &om a member of the 
immunoglobulin protein fiunily. The &si<m proteins of the invention can fiadlitate the 

20 purification of recombmant polypeptides of die uiventioa The immunoglobulin fusion 
protems of the invention can also increase the solubility of the polypeptides of the invention. 
The immunoglobulin fusion protein of the invention can be incorporated into 
pharmaceutical compositions and administeaced to a subject to inhibit an interaction between 
a ligpnd (soluble or membrane hoxaaS) and a protem on the sur&ces of cells (receptor), to 

25 tiiereby siqypress signal transductioii in vrva* Inliibition of lig9nd<*receptor interacticms may 
• be usefid then^tically, both for treating proliferative and differentiative disorders and fi>r 
modulating (e.g. promoting or ixdubiting) cell survival; The immunoglobulin fiision proteins 
of the invention can be used as immunog^ to produce antibodies directed against 
polypetides of the invention in a subject to purify ligands and in screening assays to identify 

30 molecules i?^ch inhibit the interaction ofreceptors with ligands. 
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Itt bacterial systems, a number of expression vectors m^ be selected depending upon the 
use intended for Ae APEX proteins. For example, when large quantities of APEX 
proteins are needed for the induction of antibodies^ vectors vvfaich direct higji level 
expression of fusion proteins that are readily purified, may he desirable. Such vectors 
include, but are not limited to, the multifunctional E. coli cloning and oqjiession vectors 
such as BLUESCRIPT (Stratagene), in which the APEX coding sequence may be ligated 
into the vector in frame with sequences for the amino-terminal Met and the subsequent 7 
residues of fi-galactosidase so that a hybrid protein is produced; plN vectors (Van Heeke 
& Schuster (1989) J Biol Chem 264:5503-5509); and the like. pGBX vectors (Ptomega, 
Madison Wis.) may also be used to express foreign poiypq)tides as fusion proteins with 
^utathione S-transferase (OST). bi.general, such fusion proteins are soluble and can 
easily be purified fi:om lysed cells 1^ adsorption to glutathione-agarose beads» followed 
by elution in the presence of free gjutaduoce. Protems made in such systems are designed 
to include heparin, tiiromfain or fictor XA protease cleavage sites so that the cloned 
polypeptide of interest can be released fiom the OST moiety at will. 

In the yeast, Saxdiaromyces cerevisiae, a number of vectors containing constitutive or 
inducible promoters such as ft- factor, alcohol oxidase and PGH may be used For 
reviews, see Ausubel et al (sipra) and Grant et al (1987) Methods in Enzynwlogy 
153:516:544. 

In cases where plant expression vectors are iised, the ^ression of a sequence encoding 
an APEX protein may be driven by any of a number of promoters. For example, viral 
promoters such as the 35S and 19S promoters of CaMV frisson et al (1984) Nature 
310:511-514) m^ be used alone or in combination widi the omega leader sequence fix>m 
TMV (Takamatsu et al (1987) EMBO J 6:307-31 1). Alternatively, plant promoters such 
as the small subunit of RUBISCO (Coruzzi et al (1984) EMBO 73:1671-1680; Broglie et 
al (1984) Sciefice 224:838-843); or heat shock promoters (Winter J and Sinibaldi R M 
(1991) Results Probl Cell Differ 17:85-105) may be used. These constructs can be 
introduced into plant cells by direct DNA transfonnation or pathogen-mediated 
transfection. For reviews of such techniques, see Hobb, S. or Muny, L E mr^McOraw 
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Yearbook of Science and Technology (1992) McGiaw Hill Nefw York KY., pp 19M96, 
or Weissbach and Wdssbach (1988) Methods for Plant Molecular Biology, Academic 
Press, New York N. Y, pp 421-463. 

An alternative expression system which could be used to express APEX proteins is an 
insect system. In one such system, Autographa califomicd nuclear polyhedrosis virus 
(AcNPV) is used as a vector to express foreign genes in Spodoptera frugjtperda cells or in 
TrichopJusia larvae. The APBX coding sequence may be cloned into a nonessmtial 
region of the virus» such as the polyhedrin gene, and placed under control of the 
poljliedrin promoter. Success&l insertion of APEX will render the pol]iiedrin gene 
inactive and produce recombinant virus lacking coat protducL The recombinant viruses are 
then used to infect S. frugiperda cells of Trichoplusia larvae in which APEX protein is 
expressed (Smith et al (1983) J Tirol 46:584; Engelhard E K ct al (1994) Proc Nat Acad 
&i 91:3224-7). 

Li mammalian host cells, a number of viral-based expression systems may be utilized* In 
cases where an adenovirus is used as an expression vector, an apex coding sequence may 
be ligated into an adenovirus transcription/translation con^lex consisting of the late 
promoter and tripartite leader sequence. Insertion in a nonessential El or E3 region of the 
viral genome will result in a viable virus capable of ejqjressing APEX in infected host 
cells. (Logan and Shenk (1984) Proc Natl Acad Sci 81:3655-59). In addition, 
transcription enhancers, such as the rous sarcoma virus (RSV) enhancer, may be used to 
increase expression in mammalian host cells. 

Specific initiation signals may also be required for efiGcient. translation of an cpex 
sequence. Hiese signals include the ATG initiation codon and adjacent sequences. In 
cases i^ere the apex initiation codon and upstream sequwces are inserted into the 
appropriate e3q>ression vector, no additional translational control signals may be needed 
However, m cases v^ere only coding sequence, or a portion thereof, is inserted, 
exogenous transcriptional control signals including the ATG initiation codon must be 
-provided; Furthermore, the initiation codonmust be in ffieMnwt riding fi®^ to ensure 
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lianscriptLon of the entire insert Exogenous transcripticnal elements and initiation 
codons can be of various origins, both natural and synthetic. The efficiency of expression 
may be enhanced by the mclnsion of enhancers appropriate to the cell system in use 
(Scharf, D. et al (1994) Results Prohl Cell Differ 20: 125-62; Bittner et al (1987) Methods 
5 //I JSnzywo/ 153:516-544). 

For long-term, hi^-yield production of recombinant proteins, stable expression is 
prefenred For example, cell lines which stably express APEX m^ be transformed using 
expression vectors which contain viral origins of replication or endogenous expression 

10 elemfflts and a selectable marker gene. Following the introduction of the vector, cells 
may be allowed to grow for 1-2 days in an enriched media before tti^ are switched to 
selective media Hie purpose of the selectable marker is to confer resistance to election, 
and its presence allows growth and recovery of cells which successfiiUy express flie 
introduced sequences. Resistant clunq>s of stably transformed cells can be proliferated 

1 5 using tissue culture techniques appropriate to the cdl type. 

Any number of selection systems may be used to recover transformed cell lines. These 
include, but are not limited to, the heipes simplex virus thymidine kinase (Wigler, M. et 
al (1977) Cell 11:223-32) and adenine phosphoribosyltransferase genes (Ix)wy I et al 

20 (1980) Cell 22:817-23) v^ch can be employed in tk-negative or ^-negative cells, 
respectively. Also, antimetabolite, antibiotic or herbicide resistance can be used as the 
basis for selection; for example, dhfr which confers resistance to methotrexate (Wigler, 
M. et al (1980) Proc Natl Acad Set 77:3567-70); npt, which confos resistance to the 
aminoglycosides neomycin and G-418 (Colbere-Garapin, F. et al (1981) J Mol Biol 

25 150:1-14) and als or pat, vAixdb. confer resistance to chlbnsulfuron and phosphinotricm 
acet}dtransferase, respectively (Muny, supra). Additional selectable genes have been 
described, for example, trpB, vAAdti allows cells to utilize indole in place of tryptophan, 
or hisD,whidiaUo\^ceUs to utilize histinolki place of histidine([I^^ C. andR. 
C Mulligan (1988) Proc Natl Acad Set 85:8047-51). Recently, the use of visible markers 
.30 has gained popularity with such markers as anthocyanins, B- glucuronidase and its 
substrate, GUS, and luciferase iuid its substrate, luciferiri, being widely used not only to 
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identify traisfonnaiits, but also to quantify the amount of transient or stable protein 
expression attributable to a specific vector system (Rhodes, C. A. et al (1995) Methods 
Mol Biol 55:12U131). 

Host cells transformed with nucleotide sequences encoding APEX proteins may be 
cultured under conditions suitable for the expression and recovery of the APEX protein 
from cell culture. The APEX protein produced by a transformed cell may be secreted or- 
retained intracellularly depending on the sequences and/or the vector used. As will be 
understood by those skilled in the art, expression vectors containing polynucleotides 
which encode APEX proteins may be designed to contain signal sequences whidi direct 
secretion of APEX proteins.through a prokaiyotic or eukaryotic cell membrane. 

In addition, a host cell strain m^ be chosen for its ability to modulate expcession of the 
inserted apex sequences or to process tiie expressed APEX protein in the desired ftshion. 
Such modifications of the APEX polypeptide include, but are not limited to, acetylation, 
carboxylation, glyosylation, phospharjdatton, Kpidation, and acyladon. Post-translational 
processing which cleaves a 'prepro" form of the protein may also be used to specify 
protein targeting, foldmg, and/or activity. Different host cells which have specific cellular 
machinery and characteristic mechanisms for post-translational activities (e. g., COS, 
CHO, HeLa, MDCK, HEK293, and WDS), are available &om tiie American TVpe Tissue 
Collection (ATCC, Bethesda, MD), and may be dhosen to ensure the correct modification 
and processing of the foreign APEX protein. 

ASSAYS FORmENllFYING APEX UGANDS AND GTOER BINDING AGENTS 

Another aspect of the invention relates to ass^ and methods that can be used to detect and 
identify APEX ligands and other agents and cellular constituents that bind to APEX. 
Specifically, APEX ligands and other agents and cellular constituents that bind to APEX can 
be identified by the ability of the APEX ligand or other agent or constituent to bind to 
APEX and/or die ability to inhibit/stimulate APEX activity. Ass^ for APEX activity (e.g., 
binding) using an APEX protein are suftable fiar use in high ihmiighpiit jtt* rftftning mftrWq 
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In one embodimeat, ttie assay comprises tntYi'ng APEX witii a test agent or cellular eTdract 
After mixing under conditions that allow association of APEX with the agent or componrat 
of the extract, the mixture is analyzed to determine if tte agent/component is bound to 
5 APEX. Binding agents/compon^ are identified as being able to hind to APEX. 
Alternatively ot consecutiyely, APEX activity can be directly assessed as a means for 
identifying agonists and antagonists of APEX activity. 

Altemativdiy^ targets that bind to an APEX piotein can be idraitified using a yeast two- 
10 hybrid system (Fields, S. and Song, O. (1989) Nahare 340:245-24£), or usmg a binding- 
capture assay (Barlow, 5i{pra). Generally, tibe yeast two-hybrid systrai is performed in a 
yeast host cell carrying a reporter gene, and is based on the modular nature of the OAL 
transcription fector ^ch has a DNA bindmg domain and a transcriptional activation 
domain. The two*-hyfarid system relies on the physical interaction betwera a recombinant 
15 polypeptide that comprises the DNA bindiiig domain and anoAer recombinant 
polypeptide that comprises the transodptional activation domain, to reconstitute tiie 
transcriptional activity of the modular transcription fector, thereby causing ejcpression of 
the reporter gene. Either of the recombinant polypeptides used in the two^hybrid system 
can be constructed to include the APEX-encoding sequence to screen for cellular binding 
20 partners of APEX protwin. The yeast two-hybrid system can be used to screen cDNA 
expression libraries (G. J. Hannon, et al. (1993) Gems and Dev. 7: 2378-2391), and 
random aptmer libraries (J. P. Manfiedi, et al. (1996) Molec. And Cell Biol 16: 4700- 
4709), or semi-random (M. Yang, et al. (1995) Nucleic Acids Res. 23: 1152-1156) 
aptmers libraries for APEX ligands. 

25 

APEX pgtoteins ^dh may be used in tiie above ass^ include, but are not limited to, an 
isolated APEX protein, a fragment of an APEX protein havmg APEX activity, a cell fliat 
has been altered to ^qness an APEX protein, or a fisction of a cell Oat has been altered to 
eTqpressanAPEXiffoteinu Furttier, the APEX protem can be the entire APEX protem o^ 
30 delGnedMgmaitoftibe APEX protein having APEX activity. Itwillbe^)parenttooneof 
ordinary sldUin-theart-that-so long a^^ 
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e.g.» by a shift in molecular weight or activity, or fhe expression of a tepotto gene in a two- 
IryfaridsysteaL 

The mebod used to identify i^ether an agenl/celiular oomponjmt binds to an APEX protein 
5 will be based primarily on the nature of the APEX protein used. For example, a gel 
retardation ass^ can be used to determine \^ether an agent binds to APEX or a fragment 
thereof Alternatively, immunodetection and biochip (e.g., U.S. Patent No. 4,777,019) 
technolo^es can be adopted for use with fhe APEX protein. A skilled artisan can readily 
employ numerous art-known techniques for determining whether a particular agent binds to 
10 an APEX protein. 

Agaits and cellular compor^nts can be fartbsx tested for tte ability to modulate the activity 
of an APEK pcotdn using a cell-fiee assay system or a celhilar assay system. As fhe 
activities of the APEX protein become more defined, functional assays based on the 
15 identified activity can be employed. 

Agrats that hind an APEX protein, siwh as an APEX antibody, can be used to modulate the 
activity of APEX, to target anticancer agents to appropriate mammalian cells, or to identify 
agents tiiat block fhe interaction with APEX. Cells esqrossing APEX can be targeted or 
20 identified by using an agent that binds to APEX. 

. How flie APEX binding agents will be used depends on the nature of the APEX binding 
agent For exBiiqc>le, an APEX binding agent can be used to deKvercon^ 
a diphtheria toxin, cholem toxin, ricin or pseudomonas exotoxin, to an APEX expressing 
25 cell; modulate APEX activity; to directly kiU APEX ^cpressmg cdOs, or in screens to 
identify competitive biiKling a^nts. For exaoqple, an APEX inh&itory agent can be used to 
directly inhibit fhe growth of APEX expressing cells, ^rii^eas an APEX binding agent can 
be used as a diagnostic ag^ 

30 As used herein, an ag^is said toaotagonizeAPEXa^ 
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cellular proteins. Furllmr, the p]»fen?ed antagonist vnUi^^^ 

S0%» more preferably by moie than 90%, most pieferably eliminating all APEX activity. 

As used herein, an agent is said to agonize APEX activity vibsa the agent increases APEX 
5 activity. The preferred agonist will selectively agonize APEX, not affecting any other 
cellular proteins. Further, the preferred antagonist will mcrease APKX activity by more than 
50%, more preferably by more than 90%, most preferably, more than doubling APEX 
activity. 

1 0 Agmts that are assayed in the above medKxl can be randomly selected or rationally selected 
or designed. As used herein, an agoot is said to be randomly selected when the agent is 
chosen randomly without considering the specific sequences of the APEX protein. An 
exanq>le of randomly selected agwts is flie use of a chemical Hbrary or a pqytide 
comUnatorial Ufarary, or a growth broth 

15 

As used herem, an agent is said to be rationally selected or designed vihsai the agent is 
chosen on a nonrandom basis that takes into account the sequence of the target site and/or its 
conformation in connection with the ag^'s action. Agents can be rationally selected or 
rationaUy designed by utilizing the pq)tide sequences that ma^ For 
20 example, arationally selected pq)tide ag^ can be apeptide y/bosG amino acid sequence is 
identical to a fragment of an APEX protein having APEX activity. 

The agents can be, as examples, peptides, small molecules, and vitamin derivatives, as well 
as carbohydrates. A skilled ardsan can readily recognize that there is no limit as to tihe 
25 structural riatiTO of the agents used in the present scre^m^ One class of agents of 

the present invention is peptide agents whose amino add sequences are chosen based on the 
. ammo add sequence of the APEX protein. Small peptide agents can serve as competitive 
inhibitors of APEX protein assembly. 

30 Peptide agents can be prepared usmg standard solid phase (or solution phase) peptide 
-synliMssis melhodsi as is known in the art In addition, the DNA encoding these peptides 
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may be synthesized using commieidally available oligonucleotide srynfhesis instrumentation 
and produced leoombinantly using standard lecombinant production systems* The 
production using solid pbase peptide synthesis is necessitated if non-gene^coded amino 
acids aie to be included. 

5 

Another class of agents of the present invention are antibodies immunoieactive with 
selected domanis or regions of the APEX protein. As described above^ antibodies arc 
obtained by immunization of suitable mammalian subjects vAfti peptides, conxprising as 
antigenic regions^ those portions of the APEX protein intended to be tar^ted by the 
10 antibodies. Regions ofparticularmterestmqruu^hide the eKtraceUul^ 

poi^p^de. Such agents can be used m con^etitive bmding studies to identify second 
generation inhibitoiy agents. 

The cellular extracts tested in the noethods of the fniesent invention can be, as examples, 
15 aqueous extracts of cdls or tissues, organic extracts of cells or tissues or partially purified 
cellular firacticns. A dolled artisan can readily recognize lhat there is no limit as to the 
source of tiie cellular extract used in the screening method of the present invention. 

USES OF THE INVENTION 

20 

There are multiple uses of the invention. For example, the niicleic acid molecules of the 
invention and their encoded proteins (also referred to herein as APEX proteins or protein 
of the mventiojp), may be 6nq>loyed as molecular weight markers. The molecular weight 
of each of the gene sequences and {ut>teiiis can be determined and once determined can 
25 be used to compare against other gene sequences and proteins whose molecular weig^hts 
areunknowni For exan]|>^ the nucleotide length of is 27(M as described 
ID NO. l;£9;ex-2is lS16asdescribedinSEQIDNO.2;/3per-3isl40gasdes^ 
SEQIDNO. 3. 
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Detection and Mapping of Related Polynucleotide sequences 

The nucleic acid molecules of the invention can be used to loap the location of their 

coiresponding genes and other related naturally occuring genomic sequences. The 
5 sequence may be mapped to a particular chromosome or to a specific region of the 

chromosome, and, tims, locate gene regions associated with disease. There are several 
. approaches for chromosome mapping. For example, chromosome mapping can be 

accomplished by PGR moping of somatic cell hybrids (D'Eustachio et al, (1983) 

Science 220:919-924). Other approaches for chromosome mapping include but ate not 
10 limited to in situ hybridization (Fan et al. (1990) Proc. Nail Acad. Set USA 87: 6223- 
. 27)» fluorescence in situ hybridization (FISH) of a DNA sequence to a'met^hase 

chromosoxnal spread (Venna et al., Human Chromosome: A manual of Basic Techniques, 

Per^unon press; New York, 1988). 

15 In situ hybridization of chromosomal preparation and physical nnypj i^ g te chniq iieg gimh 
as linkage analysis using established, chromosomal markers can be used to extend genetic 
maps. Once a disease or syndrome has been crudely localized by genetic linkage to a 
particular genomic region, any sequences mapping to that region may represent 
associated or regulatory genes for further investigatiort Hie nucleotide sequences of the 

20 invention may also be used to detect differences in the chromosome location due to 
translocation, inversion, etc. among normal, carrier or affected individuals. 

Functional Assavs 

25 The molecules of the invention can be used to assess and elaborate functions of APEX 
proteins by e}q)ressing the sequences encoding APEX at physiologically elevated levels 
in mammah'an cell cuhure systems. For emnple the <^NA eucoding a particular APEX 
protein is subclone^ into a mammalian expression vector containing a strong promoter 
such as CMV immediate-early promoter, that drives high level of cDNA. expression. The 

30 recombinant vector containing the £pex sequraces is cotransfected along with an 

additional plasmid_ containing sequences encoding a rnarker protein, suchi as Green - 
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Fluoiescent Protein, into a human cell line, preferably of endothelial or hematopoietic 
origin, using either liposome formulation, calcium precipitation, or electroporation. 
Expression of a marker protein provides a means to distinguish transfected cells fiom 
nontransfected cells and is a reliable predictor of cDNA expression from the recombinant 
vector. Flow cytometry (FCM) is used to identify transfected cells ejq)ressing the marker 
protein, and to evaluate properties, for example, their apoptotic state. FCM detects and 
quatifies the uptake of fluorescent molecules that diagnose events preceding or coincident 
with cell death. These events include changes in nuclear DNA contents as measured by 
DNA staining, changes in cell size and granularity,.down-regulation of DNA synthesis as 
measured by dea:ease in teimodeoxyuridine iqytake, alteration in expression qf cell 
sur&ce and intracellular proteins aS' measured by reactivity witii specific monoclonal 
antibodies, and attemtion in plasma membrane composition as measured by the binding 
of fluorescemK^rgugated Annexin V protein to the ceU surft^ 

Diaffiostic Uses of the Igyeti^t^pA 
ft 

TTtere are multiple diagnostic uses of the invention. For example, the invention provides 
methods for diagnosing in a subject, e.g., an animal or human subject, a disease 
associated with the presence or absence of the APEX protein. In one embodiment, the 
method comprises quantitatively determining the amount of APEX protein in the sample 
(e.g., cell or biological fluid sample) using any one or combination of the antibodies of 
the invention. Then the amount so determined can be compared with the amount in a 
sample &om a normal subject The presence of a measurably different amount (i.e., the 
number of APEX proteins m the test sample exceeds or is reduced fiom the number of 
APEX proteins in a normal sample) in the samples, indicating the presence of the disease. 

In another embodiment, diagnosis involves quantitatively determining in a sanq)le fit>m 
the subject the amount of RNA transcripts encoding the APEX protein using the nucleic 
acid molecules of the invention. The amount so determined can be compared with the 
amount of RNA ia a sample from a •ru>rmal subject Once again, the presence of a 
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measurably different amount indicates the ptesence of a disease associated with the over- 
or under-abundance of APEX-encoding transcripts. 

Additionally, the invention provides methods for monitoring the course of disease or 
5 disorders associated with APEX in a subject by measuring the amount of APEX in a 
sample &6m the subject at various points in time. This is done for purposes of 
determining a change in the amount of APEX in the sanogple e.g., to determine wheiber 
the change is a small change in the amount or a large change, i.e., overe:q)ression of 
APEX. In one embodiment, the method comprises quantitatively determining in a first 
10 san4>le from the subject flie presence of an APEX protein and comparing the amount so 
determined with die amount present in a second sample fimn the subject, such samples 
being takoi at different points in time, a difEer^e in the amounts determined being 
indicative of tihe course of the disease* 

IS In another embodhnent, monitoring is effected by quantitatively determining in a first 
san^le &om the subject the presence of an apex RNA transcript and comparing tiie 
amount so determined with the amount present in a seccmd sample fit>m ^ subject, such 
samples being taken at difiTerent points in time, a difference in the amounts determined 
being indicative of the course of the disease associated with cpex expression. 

20 

As a further ^bodiment, the diseases or disorders associated with APEX can be 
monitored in a sample by detecting an increase in or increased APEX gene copy number. 
An increase in or increased APEX gene copy number is important because it may 
correlate with poor outcome. 

25 

The diagnostic sample can be fi!om an animal or a hunum. Further, the sample can be a 
cell sample. For example, udng the methods of the invention, spleen, lymph node, 
thymus, bone marrow, liver, heart, brain, placenta, lung, skeletal muscle, Mdney and 
pancreas can be evaluated ibr the presence of disease. Altraiatively, tiie sample can be a 
30 biological fluid, e.g., urine, blood sera or plasma. 
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M aocordaiioe with Ihe pcttitioe of tiie inventi^ 

detection means involving histology, blotting, ELBA, and EUFA. When the sample is a 
tissue or ceU sanq)Ie it can be fismialin-jSxed, parafGb^mbedded 

5 The invention additionaUy provides methods of detemiining a difference in the amount 
distiibation of APEX in tissue sections firom a neoplastic tissue to be tested relative to the 
amount and distribution of APEX in tissue sections tcom a noimal tissue. M one 
embodiment tiie method comprises contacting botii the tissue to be tested and flie normal 
tissue wifli a monoclonal antibody that specifically forms a con^lex with APEX, and 
10 thoeby detecting the differatce in the amount and distribution of APEX. 

Ftother, tiie invention provides a method for diagnosmg a neoplastic or pMoeoplastic 
cotton in a subject This method oonqirises obtaming fioni the subject a sanq^ 
tissue, detecting a difference m tiie amount and dishibution of APEX in the using flie 
15 method above, a distinct measurable difference bemg indicative of such neoplastic or 
preiffioplastic condition. 

In accordance witii tiiB practice of the mvention, the antibo(fy can be directed to tiie epi 
. to Mdrich any of the monoclonal antibodies of tiie mvention is dhected. Further, tiie tissue 
20 san^le can be fiom, for example, the spleen, lymph node, thymus, bone marrow, liver, 
heart brain, placenta, lung^ ^letal muscle, kidney, pancreas. 

The invention also provides methods of detecting and quantitatively determining the 
concentration of APEX in a biological fluid sample, hi one onbodiment tiie metiiod 

25 comprises contacting a solid support witii an excess of one or more monoclonal 
antibodies which forms (preferably, specifically forms) a complex with APEX under 
conditions permitting tiie monoclonal antibody to aOaOx to the sorfice of tiie solid * 
siq>port. The resulting solid siqiport to which tiie monoclonal antibo<fy is attached is then 
contacted with a biological fluid sample so tiiat tiie APEX in tiie biological fluid bmds to 

30 flie antibody and forms an APEX-antibo<fy complex. The complex can be labeled 
dnecfly or indirectiy witii a detectable marker. Alternatively, dtiier the APEX or tiie - 
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antibo^ can be labeled before fte fonnation of the complex- The complex cm then be 
detected and quantitatively detmnined tiieieby detecting and quantitatively determining the 
concentration of APEX in the biological fluid sample. A hi^ or low concentration of 
APEX in the sample relative to normal cells indicates a neoplastic or preneoplastic 
S condition. 

In aocoidance witii the practice of the invration, the biological fluid includes, but is not 
limited to tissue extract, urine, blood, seram, and phlegm. Further, the detectable marker 
includes but is not limited to an enscyme, biotin, a fluorophore, a chromophore, a heavy 
1 0 metal, a paramagnetic isotope, or a radioisotope. 

FurOier, tiie iifvention provides a diagnostic kit comprimig an antibody tiiat recognizes 
and Irinds APEX (an anti-APEX antibody); and a conjugate of a detectable label and a 
specific binding partner oftheanti-APEX antibody. In accordance witii tiie practice of 
IS the invention tiie label mcludes, but is not limited to, enzymes, radiolabels, chromophores 
and fluorescers. 

Methods to extend the DNA sequence &om an oligonucleotide primer annealed to the 
DNA template of interest have been developed for both single-stranded and double- 

20 stranded templates. Chain termination reaction products are separated using 
electrophoresis and detected via their incorporated, labeled precursors. Recent 
impmvements in mechanized reaction preparation, sequencing and analysis have 
permitted expansion in the number of sequences that can be determined per day. 
.Preferably, the process is automated with machines such as the Hamilton Micro Lab 2200 

25 (Hamilton, Reno Nev.), Peltier Thermal Cycler (PTC200; MJ Research, Watertown 
Mass.) and the ABI 377 DNA sequencers (Perkin Ehner). 

The nucleotide sequence of APEX may be extended utihzmg partial nucleotide sequence, 
and various methods known in the art, to detect upstream sequences sudi as promoters 
30 and regulatory elements. Useful nucleotide sequences may be joined to APEX in an 
_ „_assK)rtBiart _of_jdoning_ j/ectore,_ e.g,, _ plaamids, cosmids, lambda_phage _derivatiyes,„. 
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phagemids, and the like, ^ arc well known in the art In general, these vectors will * 
contain an origin of replication functional in at least one organism, convenient restriction 
cndonuclease sensitive sites, and selectable markers for the host cell. 

5 The nucleic acid molecules of the invention and their encoded proteins, may be employed 
in diagnostic embodiments. For example, the amount of such sequences present withm a 
biological sample, such as blood, serum or a swab finom nose, ear or throat, may be 
determined by means of a molecular biological assay to determine the level of nucleic 
acid complementary to the gene sequence of the invention, or even by means of an 
10 immunoassay to determine the level of one of the products encoded by the gene. 

In a molecular biological method for detecting the nucleotide sequences of the invention, 
one would obtam nucleic add molecules fiom a suitable sample and analyze the nucleic 
add molecules, usmg a nucldc add probe, to identify a specific nucleotide sequence that 
15 iscon^lementaiytothepiobe. The conq)lementary nucleic acid molecule will generally 
be identified by sequence, ^ch method generally mcludes either; identifying a 
transcript with a corresponding or complementary sequence, e.g., by Northern or 
Southern blotting using an appropriate probe or; by identifying a transcript with two or 
more shorter primers and amplifying with PGR technology. 

20 

To conduct such a diagnostic method, one would generally obtain nucleic acid molecules 
Scorn the sample and cdntact the nucleic acid molecules with a nucleic add probe 
correspondmg thereto, under conditions effective to allow hybridization of substantially 
complementary nucleotide sequences, and then detect the presence of any hybridized 
25 substantiaUy complementary nucleic add conq>lexes that formed 

The presence of a substantially complementary nudeotide sequence in a sample, or a 
significantly increased level of sudi a sequenccj^ m comparison to the levels in a normal 
or "contror sample, will thus be uidicative of a sample havmg tiie nucleotide sequence of 
30 fbe invention. Here, substantially complementary nucleotide sequences are those that 
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have relatively little sequence divetgenoe and that are c^le of hybridizing to the 
sequences disclosed herein under standaid higjb stringency conditions. 



As used herein, the term "increased levels" is used to describe a significant increase in the 
5 amount of the gene sequence of the invention detected in a given sample in comparison 
to tfiat observed in a control sample, e.g., an equivalent sample from a normal healthy 
subject 

A variety of hybridization tedmiques and systems are known that can be used m 
10 connection wiA the detection aspects of the invention, including diagnostic assays such 
as those described in Falkow et al., U.S. Pat No. 4,358,535. 

hi gmeral, ibe "detection" of ft» nucleotide sequence of tfie mvention is accomplished by 
attaching or incorporating a detectable label mto the nucleic acid molecule used as a 
15 probe and "oontactmg" a sanqile nucleic add molecde with tiie kO^ In such 

processes, an effective amount of the labeled probe is brought into dhect juxtaposition 
witii a composition ctMitaming the target nucleotide sequence. Hybridized nucleic acid 
cqn^lexes may then be idoitified by delecting the presence of the label, for example, by 
detecting a radio, enzymatic, fluorescent, or even dbemilummescent label. 

20 

Many suitable variations of hybridization technology are available for use in the detection 
of target nucleotide sequences, as will be known to those of skill in the art These include, 
for example, in situ hybridization, Souftem blottmg and Northern blotting. In situ 
hybridization describes the techniques wherein the target nucleotide sequences contacted 
25 with the probe sequmces are those located within one or more cells, such as cells withm 
a clinical sansple or even cells grown m tissue culture. As is well known m the art, the 
cells are prepared for hybridization by fixation, e.g. chemical fixation, and placed m 
conditions that allow fiir the hybridization of a detectable probe with nucleotide 
sequences located wiflun die fixed cdl. 

30 



52 



wo 01/46260 PCTAJSOO/34963 

Altemativdy, taiget nucleic add molecules be separated fixim a cell or sample prior 
to contact with a probe. Any of the wide variety of mettiods fat isolating target nucleic 
add molecules may be empbyed, such as cesium ddoride gradient centrifugation, 
chromatogrq)hy (e.g., ion, aflBnily, magnetic), phenol extraction and Ae like. Most often, 
5 the isolated nuddc add molecules will be separated, e.g., by size, using electrophoietic 
separation, followed by immobilization onto a solid matrix, prior to contact with the 
labeled probe. These prior sq)aration techniques are fiequentJy employed in the art and 
are generally encompassed Hy the tems "Southern blotting" and "Northern blotting". 

10 It is possible to detect the nucleic acid molecules of the invention using a metiiod based 
upon PGR technology. To conduct such a diagnostic method, one would generally obtain 
sample nucleic acid molecules fixm a suitable source and contact the sample nucleic add 
molecules with two probes or primras corresponding to the qpex mideotide sequence 
disclosed herein, under conditions vMA allow for bjrbridization and po^ymeriz^on to 

15 occur. A pair of probes, one CQneqxmdmg to the 5' flankmg region and the other 
corresponding to the 3' flanking r^on, would be sufBdoit to detect the nucleic add 
molecules c£ the inventian in a saa|>le and may even be used to quantitate tiie amount 
ptesent 

20 The mvention also encompasses diagnostic kits for carrying out the metiiods disclosed 
above, hi one embodiment, tfie diagnostic kit comprises (a) an APEX monoclonal 
antibody and (b) a conjugate of a specific binding partner for APEX antibody and a label 
for detecting bound antibody. In another embodiment, the diagnostic kit comprises a 
conjugate of a monoclonal antibody to the invention and a tebel cq)able of producing a 

25 detectable signal. The reagents may also include ancillary agents such as buffering agents 
and protein stabilizing agaatts, e.g. polysaccharides and tiie like. The diagnostic kit m^ 
fiirther comprise, where necessary, other components of the signal-prbdudng system 
mcluding agents for rechicing badcground interference, control reagentsj an appuatus for 
conducting a test, eto. hi another embodiment. Hoe diagnostic Mt com]»ises 

30 polynucleotide probes and a lablel capable of producing a detectable signal. Andllaiy 
agents as menticmed above may also be fiesenL. . . - . . - 
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Therapeutic Uses of the Inventiaii 

Structural similarity in the context ofsequences and moti& between APEX and proteins 
.5 defined by CD antigens suggests that APEX proteins may be a pot^xdal target for 
diseases such as inflammation, cancer, and immune disorders. Therapeutic uses of APEX 
proteins include inhibition of leukocyte function in autoimmune diseases, inhibition of 
rejection of solid organ and bone marrow transplants (BMT), and inhibition of graft 
versus host disease following BMT* In tiie event that an anti-APEX antibody, such as 
10 anti-Apex-l or a&ti-Apex*-2 stimulates the immune stystem, therapeutic uses include but 
are not limited to immune systmi enhancement for vaccine development, oncological 
uses (anti-cancer immunotiiBrapy), and immune deficiency syndromes including HIV. 

In the treatment of cancer and immune disordeis associated with decieased expression or 
IS activity of APEX, it is desirable to provide Ike protein, or to increase the e^cpression or 
activity of APEX« In tiie treatment of above conditions associated with increased 
expression or activity ofAFEX^ it is desirable to decrease the exjKression or activity of 
APEX. In certain diseases, APEX expression may remain constant, but using an 
agonist/antagonist may be therapeutically useful to modulate immune cell signaling. 

20 

The present invention provides a method for treating or preventing a disorder associated 
with decreased expression or activity of APEX in an individual. Examples of such 
disorders include, but are not Ujmited to, immune disorders such as arteriosclerosis, 
astiuna, arteriosclerosis, autoimmunis anemia, acquired immunodeficiency syndrome 

2S ' (AIDS), bursitis, cholecystitis, dnhosis, Crohn^s disease; atopic dermatitis, diabetes 
mellitus, errq>hysema, atrophic gastritis, inflammatory bowel disease, multiple sclerosis, 
myasthenia gmvis, myocardial or pericardial inflammation, osteoarthritis, osteoporosis, 
psoriasis, Reiter's syndrome, rheumatoid arthritis, systemic hxpm erythematosus; and 
cancers including adenocarcinoma, leukemia, lympho^na, melanoma, myeloma, sarcoma, 

30 teratocarcmoma,. cancers of adrenal gland, bladd^, bone, bone marrow, breast, cervix, 

gall bladder,:ga5tointe5tinal tract, kidney, liver, lung, muscle, ovary, pancreas, prostrate, -~ 
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salivaiy glands, skin, spleen, testis, tbymus, thyroid, and uterus. The method comprises 
administering to such an individual a composition comprising a flierapeutically eJBFective 
amount of APEX or an agonist thereof. For example, a condition caused by a decrease in 
flie standard or normal expression level of APEX in an individual, can be treated by 
5 administering to such an individual a pharmaceutical composition, comprising an amount 
of APEX polypeptide or an agonist, so as to increase the activity level of APEX in such 
an individual/ 

The present mvention further provides a method for treating or preventing a disorder 
10 associated with increased expression or activity of APEX m an individual. Examples of 
such disorders include, but are not limited to those described above. The method of the 
invention comprises administering to such an mdividual a composition comprising a 
therapeutically effective amount of APEX antagonist Theprefenred antagonists for use in 
the present invention are APEX-specific antibodies, antisense, or ribozyme molecules, 
15 The antisense molecules may be designed to block translation of mRKA by preventing 
the transaipt fiom binding to ribosomes. Antisense oli^nudeotides, specifically those 
that are derived fiom the transcription imtiation site, e.g., between about -10 and +10 
fiom the start site, are prefened to mhibit production of APE?C. 

20 In addition, ribozymes may also be used to catalyze the specific cleavage of RNA. The 
mechanism of ribozyme action involves sequence-specific hybridization of the ribozyme 
molecule to complemoitary target RNA, followed by endonuclease cleavage. For 
example, engmeered hammerhead motif ribozyme molecules (Haselhoff and GCTlach 
(1988) Nature 334:585-591) may specifically and efiBcientiy catalyze radonucleolytic 

25 cleavage of sequences encoding APEX. 

In certain diseases, APEX expression may rmiain constant, but using an 
agonist/antagonist may be therapeutically usefiil to modulate immune cell signaling. For 
example, if APEX is a *^egative" signaling molecule, an agonist is immunosiq)pressive. 
30 On the other hand, if APEX turns cells on, an antagonist is immunosuppressive. Thus, 
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APEX protdos may not be specifically involved in the disease, but manipulation of 
APEX signaling may be tiierapeutically bgiefidal. 

The polynucleotides of tibe invention may also be used as reagents for treating a patient 
5 using the gene therapy approach. One method for ex vivo gene therapy may enqjloy 
transplanting, onto a patient, fibroblasts i^Wch are c^ble of expressing APEX 
polypeptides. GeneraUy, fibroblasts are obtained from a subject by skin biopsy and 
infected with producer cells that produce infectious vims particles containing the iqiex 
gene of the invention. Tbe producer cells fiar this method are prepared by transduction of 
10 packaging cells with a retroviral vector, e,g.. Maloney murine sarcoma virus (MSV) 
containing the sequences. If the titer of the virus is high, tiien virtually aU fibroblasts 
wiM be infected and no selection is needed. However, if the viral tiler is low, tiien it is 
necessary to use a retroviral vector that has a sdeclable marker, such as neom^ 
tiie fibroblasts have been effidentty infected, tiie fibroblasts are analyzed to detemiine if 

15 tiie APEX protein is produced The engineered fibroblasts are flien transplanted onto the 
host, eitfier alone or after having been grown to ccmfiuence (hi miciocanier beads. 

Anotiier aspect of presort invention is using in vivo gene therapy methods to treat APEX- 
. associated disorders, diseases, and conditions. The in vivo gene tiier^y relates to 

20 introduction of naked nucldc add (DNA, RNA, or antisense DNA or RNA) 
corresponding to qpex sequences into a host to increase or decrease tiie expression of 
APEX polypeptides. The apex polynucleotides may be operatively linked to a promoter 
or any otiier genetic elemaits that may be necessary for the ejcpression of APEX proteins 
by the target tissue. Such gene tiierapy mefliods are known in tiie art (Tabata et al., 

25 Cardlovasc. Res. (1997) 35:470479, Wolff et al. (1997) NeuromuscuL Disord 7:314-. 
318, Schwarz et al. (1996) Gene Ther. 3:405-411). For a detaUed description of Ihe 
deKvery techniques and gene tiierapy metiiods see U.S. Patents 5,693,6^; 5,705,151; and . 
5,580859. 

30 Endogenous' tq>ex gene ejqiression can also be reduced by inactiv^ing or "knocking out** 
*e ''esired tqt&c gene and/or its promoter using targeted homologous recombinatioit 
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Metiiods fiir g^emdiig knock-out animals fliat M to expess a functional protein 
molecule are weU knonvn in Hie art (Capechi, Science (1989) 244:1288-1292, Thompson 
et al.. Cell (1989) 5:313-321). Knock-out animals of the invention have uses which 
indude. but are not limited to. animal model system useful for studying in vivo functions 
of APEX molecules, studying conditions and/or disorders associated with aberrant APEX 
e5cpression, and in screening for compounds effective in ameUorating such conditions 
and/or disorders. 

Phim^pA^irical Composi tions of Ih^ Ti^yBntiAi^ 

The mvention includes pharmaceutical compositioiis for use in the treatment of APEX- 
associated diseases comprising a phannaceuticaUy efiective amount of an APEX protein 
and a pharmaceutically acceptable carder. 

In one embodiment, the pharmaceutical compositions may comprise an APEX antibody, 
either unmodified, conjugated to a theiq)eatic agent (e.g.. drug, toxin, enzyme or second 
antibody) ix in a recombinant form (e.g., chimeric or Wspecific). The compositions may 
additionally include other antibodies or conjugates (e.g., an antibody cocktaU). 

20 The antibody compositions of the mvention can be administered using conventional 
modes of administration including, but not limited to, intravenous, intraperitoneal, oral, 
hrtralymphatic or administration directly into the tumor. Intravenous administration is 
preferred. 



15 



25 



The compositions of the mvention mi^ be in a variety of dosage forms which mclude, but 
are not limited to, Uquid solutions or suspensions, tablets, pills, powders, siq>positories, 
pplj^meric microcapsules or mictovesicles,. I^wsomes, and injectable or mfusible 
solutions. The preferred fimn depaids upon the mode of admmistiation and the 
therapeutic qjplication. 
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The compositions also preferably include conventional pharmaceutically acceptable 
canieis and ac^vants known in the art such as human serum albumin, ion exchangeis, 
ahnnina, lecithin, buffer substances such as phosphates, glycine, sorbic acid, potassium 
sorbate, and salts or electrolytes such as protaioine sul&tB. 

The most effective mode of administration and dosage regimen for the compositions of 
this invention depoids upon the severity and course of tiie disease, ti» patient's healtii 
and iMponse to treatment and the judgment of the treating physician. Accordingly, tiie 
dosa^ of tile conqpositions should be titrated to the individnal patient 

Tbe foltowing exan^es are presented to ilhisliate tiie pres^ 

ordinary skill in making and usiog the same. It be clearthat flie invention m^ be 

pradioed olhervwM tfian as particularly described in tile fi^ 

It diouki be understood tiiattiiese ecamples are jRir illustrative purposes only and are not 
intended in any wety to otiiorwise limit flw scope of tile invention. 

EXAMPLE 1: bplation and characterization of t^ex-l 

Production af GM-CSmwt Differentiated Monocyte and THPl Cells 

Human nlonocytes were obtained fiom peripheral blood mononuclear cells by elutriation. 
The isolated monocytes were lesuspended in RPMI 1640 medium containing 10% fetal 
bovine serum (Hydone, Logan, UT) supplemented vwtii penicillin/stieplnmydn. 2 mM 
glutamine, 1% non-essential amino adds, 1 mM sodium pyruvate IL-4 (75 jig/ml) and 
GM-CSF (15 ngM) (each i&om Gibco BRL, Grand Island, NY) at a cell concentration of 
5 X 10^/ml. Cells were incubated in tissue culture flasks at 3TC, 5% CO2 for seven 
days. Following tiie incubation period, tiie non-adherent cells were removed firom the 
flask. 
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THPl human monocytes weaegrowD to a fmalccmcen^^ 

1640 medium camainmg^ 10% fetal bovine serum supplemented with 
. penicillin/streptomycin and 2mM gliitaminft 

5 GM-CSF/IL-4 differentiated human poipheral blood mononuclear cells (2 x 10*) and 
THPl human monocytes (2x10*) were washed twice with PBS (Gibco BRL) at 4*0. 

i 

RNA isolation 

10 2 xlO* OM-CSF/IL-4 differentiated human perrpheqal blood mononnclear cells and 2x10* 
THPl human monocytes were washed twice with PBS (Gibco BRL, Grand Island, NY) 
at 4" Celsius. Poly A+RNA was isolated dkectly usmg Fast Track 2.0™ (Invitrogen, 
Carlsbad, CA). 

IS Construction of the Subtraction Library 

TbB PCR-select cDNA subtraction kit™ (Clontech, Palo Alto, CA) was used to generate a 
subtraction library fiom GM-:CSF/[L-4 human monocyte poly A+ RNA (tester) and 
THPl human monocyte poly A+ RNA (driver). Ten secondary PGR reactions were. 

20 combined and run on a 2% a^rose gel. Fragments ranging fiom approximately 0.3kb - 
1 .5 kb were gel purified uaii^ the QIAgen ^1 extraction kit (QIAgen hic, Valencia, CA) 
and inserted into the TA cloning vector, pCR2.1 (Ihvitro^). TOPIOF' competent R 
coli (Invitrogen) were transformed and plated on LB plates conbdning 50 microgiams/bil 
anqncillin. Clones were isolated and grown in LB broth containing similar 

25 concentndions of ampidllin. Plasmid DNAs were sequenced usmg standard techniques. 

A 367 bp clone was isolated and found to have homology to the 5' region of several 
members of the CD2 subgroiq> of tiie ]^ superfiunily. A done winch included the 
remaining sequence' of <3gt>ex-/ was isolated by 3' PCR amplification using gene specific 
30. primas, such as JNF primers (see below). The selection of the sequences of the JNF 
primHs_was-based on-a-consensus sequence of an aligned cbntig" sequrace^thaTvras 
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generated by overlqjping the sequences of six public BSTs (EST database) (AA381714, 
H73 135, AA554342, H74227, AA921765. AA7658 13). 

S'-Raoid Amplificatioii of cDNA ends 

5 . 

In an effort to isolate clones that included the remaining 3 'untranslated region (3-UTR) 
of qpex-1, rapid amqjlification of the 3' ends aScpex-l cDNA was perfi»med using 3*- 
RACE PGR technology. 

10 First strand cDNA was qnilhesized fiom OM-CSF/IL-4 differentiated mRNA using a 
hybrid oligo dT primer (23iang» Y. and Frohman, M. A. 1997 Methods Mol Biol 69:61- 
87), teemed JNF3 (S'-cca gtg age aga gtg acg agg act get caa get ttt ttt ttt ttt W 
(SEQ ID NO.: 9) and the Siq)ecscript i»e-anq>lificadon system (Gibco BRL, Grtoid 
Island, NY). To amplify apex-1 3'-end seqnenoes, gen&^pedfic primers JNFl and JNF2 

15 were paired with JNP4 and JNF5, respectively. First round amplification using 3NF1 (5'- 
cag agt acg aca caa tec 0-3") (SEQ ID NO.: 7) and JNF4 (5'>gag gac teg age tea agc-S*) 
(SEQ ID NO.: 10) was done using 25 cycles at 94 degreed C, 30 sec; 57 degrees C, 30 
sec; and 72 degrees C, 1 min. Primary reactions were diluted 50 fold and used in 
secondary amplification. with JNF2 (S'^act cca ctg ^ aaa tac cg-3') (SEQ ID NO.: 8) and 
20 JNF5 (5'-cca gtg age aga gtg acg-3') (SEQ ID NO.: 11). JNF1/JNF4 and JNF2/JNF5 
ampjybners were gel-purified and cloned into pGR2.1 (Livitrogen). The JNE2/JNF5 
primer-pair generated an ani^limer product that is 1753 bp and spans die remaining 
translated and 3'-untranslated regjons otepex-J. 

25 A full-lenglh contig sequence of (gxx-l was ^nerated by aligning the 1753 bp sequence 
with the 1336 bp contig sequence. A 2704 bp clcme vtduch inchides the fiill-Ioigdi 
sequence of t^-l cDNA was isolated by PGR anqilification of GM-CSF/IL-4 cDNA 
using die primer pair Llewellyn4 (5'-ccc aag ctt cca gag age aat atg get ggt cc-3') (SEQ 
ID N0.:21) and JNF4 (SEQ ID NO.!lO). The M-Iength fragment was doned into 
30 pCR2.1 and sequenced. 
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One clone was found to have agnificant identity wifli several members of 4e Ig 
superfemily CD2 subgroup including CD84 (38%), Ly9 (37%), SLAM (31%). 

Transcript expression of aoex-1 in various cell lines 

5 

Several cell lines and human leukocyte populations were analyzed for expression of 
tgfex-l transcripts using RT-PCR analysis. Total RNA was isolated ftom various B and 
T cell lines and freshly purified neutrophils. Specifically, total RNA was isolated from 
brain, heart,' lung, livra, kidney, panraeas, small intestine, ovary, testis, prostate, jdacenlB, 
10 skeletal muscle, spleen, thymus, bone manow, tonsil, lymph node, leukocyte, and fetal 
liver. Additionally, total RNA was isolated firam lestmg T cells, a B cell line (TJX THPl 
mono<rytes, monocytes stimulated wifti C3M-CSF and IL-4, unactivated NK cells, and 
unactivated PMN cells! 

15 First-stiand cDNA was qmthesized using the Superscript Pleamplification System 
(Giboo BRL, Grand Island, NY), as desaibed in the section above. As controls, 
expression of apex-J tiansaipts was tested in GM-CSF/EL-4 differentiated human 
monocytes (e.g., detectable levels) and THPl (e.g., no detectable levels). The primers 
JNF6 (5'-ate ctt tgg cag etc aca gg-3') (SEQ ID N0.:12) and JNF7 (5'-ctt cac aga get tec " 

20 tgg 0-3*) (SEQ ID N0.:13) were used to amplify a^l3 bp fiagment from cDNA that were 
generated using Superscript Preamplification Kit™ (Gibco BRL, Grand Island, NY). 

25 The presence of <9;ex-7 transcripts in various tissues was analyzed by Northern andysis 
using multiple tissue iiorthem membranes (Human MINI #7760-1; Human Immune 
System MTNXI #7768-1) purchased fiwn Clontech Labcnatories (Palo AHo, CA). The 
tg)ex-l transcripts were detected by hybridization with ["P]dCIP-radiblabeled (NEN, 
Boston, MA) random-primed 368 bp cDNA probe. The membranes were washed 
30 under hig^ stnngency conditions (O.IX SS(y0.1%SDS at 65*C) ami exposed for 48 hours 
g t-80°C . The resuhs of-tiie.NorQrem-bk>t-is shown in Figure 8. 
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A fiiU-length cDNA clone wMch includes the human qpec-1 sequence was isolated by 
5 PGR amplification of transcripts fiom a subtraction libraiy that was constracted ftom 
GM-CSFAL-4 diflferotitiated human monocytes minus THPl human monoQie cell line. 

The nucleotide sequence of cpex-l (Figure 2) includes an open reading fiame (ORF) tibat 
is predicted to encode a protein 335 amino acid in length that exhibits structural 
10 properties shared by members of the CD2 subfamily (Habn» W. C, et al., 1993 Qaptac 5, 
in: Lyirqfhocyte Adhesion Molecules, ed. Shimizu, Y.). This nucleotide sequence is 
predicted to encode the APEX-1 protem that includes an N-teraunal 22 amino add 
hydrophobic signal peptide, a 203 amino add extncelluhir domain, a 24 amino add 
residue transmeml»ane domain, and an 86 amino add intracellular domain (see Figure 5). 

15 The extracellular domain has two Ig-like regions (V>.tC2). The V region lacks the typical 
disulMe bonds, \Me the C2 region mchides two conserved disulfide bridges. Thereare 
six potential N-glycosylation sites in the extracellular domain of the sequence N-X-S/T. 
The intracellular domain indudes four tyrosines. Two of the four tyrosmes are predicted 
to form two different SH2 domain binding motife (Songyang, Z., et al., (1993) Cell 

20 72:767-778; Songyang, Z.. et al.. (1994) Molea Cell. Biol 14:2777-2785). Diversity in 

the two other tyrosme signalirig motife indicates that APEX-1 m^ bind a diverse range 
of kmases. 

A data base search for epex-1 related nucleotide sequences demonstrated significant 
25 sequence homologies with AJ271869. Z51572 (PCT WO200001 USO-Al), Z49571 and 
Z49572 (PCT W09967387-A2), Z65041 (PCT 9963088.A2), X41503 (PCT 
WO9906553-A2), and X00615 (PCT W09842738-A1). APEX-1 shares stractural 
similarities with members of the €02 fiunily. Thus, it is postulated that APEX-1 is a 
cell-sur&ce receptor tiiat regulates adhesion and . generates co-stimulatory signals to 
30 mediate leukocyte proliferation, differaitiation, migration, or activation. It is possible 
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SLAM is another member of the CD2 subfimily . Thus, APEX- 1 may prove to be a 
potential target for diseases with an inflammatory and autoimmune component indicating 
that the cpex-l gene encodes a protein that belongs to the Ig sqper&mily and may be 
involved in ligand binding and transmitting signals from the cell surface. 

5 

The RNA transcript pattern of <q^-l was analyzed by Northern blot of immune and non- 
immune tissues and revealed the expression of two apex-^l transcnpts, measuring 2.7 kb 
and L5 kb in length Q?igure 8). Relatively high levels of the 2J kb transcript was 
detecbble in immune tissue, such as spleen and lymph node (Figure 8 A). Lower levels 
10 were detedable in peripheral blood lymphocytes (PBL), and veiy low levels were 
detectable in bone marrow. In contrast, the L5 kb transcript was detectable in both 
immune and non-immune tissues; Relatively high levels of the LS kb transmpt was 
detectable in spleen, . lymph npde and PBL. Significantly lower levels of the 1.S kb 
transcript was detectable ui heart, lung, and placenta (Figure 8 B). 

15 

The transcript e^^ression of was analyzed in several cell lines and human 

leukocyte populatiions by RT-PCR analysis usuig gene^specific primers that hybridize to 
the region of cpex-l diat encodes the extracellular domain. Transcripts of apex-l were 
detectable in cells from tonsil, lymph nodes, whole leukocytes, resting T .cells and NK 
20 cells, but were not repressed in fipesh neutrophils or the THP*-1 cell liiie. Monocytes 
stimulated with GM-CSF and IL-4 as well as a B cell line (e.g., TJ is from a normal 
human subject) expressed qpex-l transcripts (Figure 9). 

These results suggest that qpex-1 is a new member, of the Ig superfamily, which may be 
involved in transducing signals to APEX-1 -ejqiressing cell^i. 

25 

EXAMPLE 2: Isolatioii and characterization of apexr-'i 
Production of HSP70-treated cells 
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The 70Z/3 murine pre B-cells were grown to a density of 5 x 10^ cells/ml and treated 
with lug/ml HSP70 (200ug total) for 1 hour. The cells were harvested and washed. 
Similar numbers of untreated cells were harvested. 

S RNA Isolation 

Poly A+ RNA was isolated directly from the HSP70-treated and non-treated 70Z/3 cells 
using flie Fast Track 2,0 kit™ (Invitrogpni Carlsbad, CA). 

10 Construction of the Snbtraction Library 

The PCR-select <a>NA subtraction kit™ (Clontech, Palo Aho, CA) ^ 

subtraction library fiom untreated 70Z/3 poly A+ RNA (tester) and HSP70-treated 70Z/3 

poly A+ RNA (driver)* Secondary PGR reactions were combined and run on a 2% 

15 a^rose gel. Fragments ranging j&om approximately 0.3kb - 1.5 kb were gel purified 
using the QIAgen gel extraction kit (QIAgea Inc., Valencia, CA) and inserted into the TA 
cloning vector, pCR2.1 (Invitrogen). TOPIOF* conq)etent E. coti (Invitrogen) were 
transformed and plated on LB plates containing 50 micrograms/ml ampiciUin. Plasmids 
were isolated \ mvz QIAgen miniprep spin (QIAgen) and sequraiced using ABI cycle 

20 sequeoceara (ABI Piism, PE Applied Biosystons). 

A 958 bp cDNA done was isolated T^di included the sequence of the 3' i^on ciqpex- 
2. The iemainderoftli6<9>ex-2 sequence isolated by S'-RACXrc 
liosi was stqpplied by tiie kit and two gene-specific primers (e.g., JNF) 

25 

S'-Raold Amplification of aDB^2 

A DNA fiagment» v^ch included tiie sequraice of the 5' region of (qfex-2, was isolated 
using HSP70-treated murine 70Z/3 cDNA and tbe MARATHON RACE an^lification kit 
30. fiomClontech Laboratories (Palo Alto, CA). The gene-specific primer JNF22 (5'-tta acc 
.ttc agg gtaatg gg-30 (SEQ mN6.:25) and JWF23 (5?-gtocaft^t^ aaatgg cagcg-S*) (SEQ 
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IDNO.:26), andtibie API primer provided by the MARATHON RACE kit wer^ 
amplify fragments that included sequences in the 5' region ofxxpex'2. The 5' amplimer 
fragment, resulting from the AP1/JNF22 primer pair was ligated to the 958 bp fragment 
thereby generating a full length cDNA clone of apex'2, A sequence axudysis showed 
5 that is homologous to mmibers of the CD2 subgroiq) of the Ig superfrunily, such 
asCD84,Ly9,2B4. 

Rcsnlts: 

10 A full length cDNA clone which includes die murine cpex'2 sequence was isolated by 
PGR amplification of transcripts fixun a murine subtraction library that was constructed 
from untreated murine 70Z/3 poly A+ RNA minus murine HSPVO-tieated 70Z/3 poly A+ 
RNA. 

15 The nucleotide sequence of apex-2 (Figure 3) includes an open-reading frame that is 
, predicted to encode a protein 351 amino acids in length that exhibits structural properties 
shared by members of the CD2 subfamily. The predicted APEX-2 protein includes a 
putative signal peptide of 29 amino acids, a 210 amino acid extracellular domain or 
region, a 23 amino acid internal hydrophobic segment that represents a transmembrane 

20 domain, and an 89 amino acid intracellular (e*g*, cytoplasmic) domain (Figure 6). Ihe 
extnu^Uularpoition is predicted to have two Ig-lite The 
predicted ^Ktcacellular domain has nine Asn^-linked glycosylation sites. The predicted 
cytoplasmip domain has 3 potential SH2 domain binding moti& (YAQV, YSIV, YNQP). 
The first two motifs may he involved in binding to SHP-2. A database search for apeX'2 

25 related sequences demonstrated significant sequence homologies of cpex-2 with 
AF248634 and AF248636 (EMBL/GienBank/DDBJ, submitted Match, 21, 2000) 

APEX-2 shares structural similarities with members of the CD2 femily. Thus, like 
APEX-1, it is postulated that APEX-2 is a cell-suffisuie receptor that regulates adhesion 
30 and generates co-stimulatory signals to mediate lei^ocyte proliferation, diQerentiation, 
— migration, "or activation. It is possible that APEX-2 enhances antigen-specific 
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pioliferation and cytokine production, similar to SLAM ^ch is anoth^ member of Ihe 
CD2 sub&mily. Thus, APEX-2 may prove to be a potential target for diseases with an 
inflammatoiy and autoimmune component indicating that the (q>ex-2 gene encodes a 
protein that belongs to the Ig superfanuly and may be involved in ligand binding and 
5 transmitting signals from tiie cell surfiu)e« 

EXAMPLES: Obtsuning and Oiaracteri^ 

The predicted amino add sequence of murine APEX'-2 was used to search propietary 
10 (e.g., Ihcyte Phannaceutical) and pubtic (EST database) databases. Two clusters of EST 
sequences were identified as having consideiable homology to mudne APEX-2. The first' 
cluster contained 20 oveiliapping clones bom the Incyte database, while tiie second 
contained 14 ovearlapping clones fix)m the EST database. The contig encodes an open 
reading frame that is homologous to APEX-1, APEX-2, CD84, SLAM and CD48. 

15 

Samples of two EST clones* each containing fiill-length qpex'3 sequences, were obtained 
from a proprietary database and the clones were sequenced. The nucleotide sequence of 
(Figure 4) includes an open reading frame having homology to cpeX'2, qpex-U 
CD84, SLAM and CD48. The nucleotide sequence of cpex-S is predicted to encode a 

20 type-1 trans-membrane protein. APEX-3 includes two Ig-like domains (V-set and C2- 
set). These are similar to those described previously for APEX-1 and APEX-2. APEX-3 
includes: a 22 amino acid signal sequence beginning with the first methionine; an iatemal 
hydrophobic segment of 23 amino acids characterizes the putative transmembrane 
domain and splits the mature protein into two segments; the putative extracellular domain 

25 consists of 209 .amino adds; and includes 3 potential Asn-^ycosylation sites (Figure 7). 
The putative cytoplasmic domain is much stKnrter (31 amino acids) than that seen with 
ottier CD2 subgroup members and does not mclude any SH2-domain binding moti&. 

A database search of cpac-S related sequences identified two sequences, Z2384S7 (PCTT 
30 WO9940184-A1) and A09042 (PCT WO2000188'0-Al) tiiat demonstrated significant 
homology with 
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APEX-3 shares stnictunii similarities with members of the CD2 &mily. Thus, like 
APEX-1, it is postulated that APEX-3 is a ceU-sm&ce receptor Ifaat regulates adhesion 
and generates co-stimulatory signals to mediate leukocyte proliferation, differentiation^ 

S migration^ or activation. It is possible that APEX-3 enhances antigen-specific 
proliferation and cytokine production, similar to SLAM \^4uch is another member of the 
CD2 subfamily. Thus, APEX-^3 may prove to be a potential target for diseases with an 
inflammatory and autoimmune component indicating that the apex-3 gene encodes a 
protein that belongs to the Ig s})per&mily and m^ be involved in ligand bindii^ and 

10 transmitting signals fiom the cell surftce. 

EXAMPUS 4: Expression of APEX-ll^ and APEX-2mIg ftision proteins 

Constmction of gpgy-llg Expression Plasnrid ; 

15 . 

A fusion protein including the putative extracellular domains of APEX-1 and human 
IgGl, (Apex-llg) was produced. cDNA fragments corresponding to the Ap&c domains 
wer? obtained by PGR (forward primer HinDS4§) CCC AAG CTT CCA GAG AGC 
AAT ATG GCT GGT TCC (SEQ ID NO.:35); reverse primer DS4Bamrp C GCG GAT 

20 CCG AGG AAT CTG GGT CAT CAG CAG CAC C (!SEQ DD NO.:36). PGR product 
cut with Hindm and BamHI restriction endonucleases), and joined to a cDNA fragment 
encoding die hinge (H), CH2 and CH3 domains of human IgGl in the vector pCDMT 
vMck was likewise digested with Hindin and BaniHI restriction endonucleases) 
(Starling, G.C tt al. (1996) Em Jl /mmu»o/.26:73g-46). ligated products were used to 

2S transform MC1061/P3 K coU, which weie grown on agar containing SOug^ ampidltin 
and IS ug/ml tetracyclin and colonies screened for the appropriate plasmids. Cloned 
cDNAs were obtained from the bacteria by standard SDS lysis and purification on 
QIAGEN miniprep columns. The integrity APEX-1 -encoding portion of qpex-llg cDNA 
clone was confirmed by sequencing.. The resulting amino acid sequence of the e}q)ressed 

30 protem contributed to by the apex-l cDKA is shown (Figure 10). The amino terminal 
secretory sequence was derived fit)m the endogenousiq^ gene^ and the amino acids 
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225 of APEX-1 are present (Figure 2). The BamHI en^me digestion site adds His226- 
Pro227 amino adds at the junction of the APEX-1 sequence and the H-CH2-CH3 Ig 
portion of the molecule. This construct contained a Thrombin cleavage site which was 
located immediately C-terminal to the His-Pro residues (HoUenbaugh et al., J, Immunol 
5 Methods (1995) 188: 1-7) to enable separation of APEX-1 extracellular domain from 
human IgOl sequence. 

CoMtructiott of AD«" 2iiiTff TCTpr ession Plasmld; 

10 The Ap6X-2mIg e^qnession plasmid including the entire extracellular domain of Apex-2 
obtained by PGR (forward primer Apex2IQpnlFP CCG GOT ACC A^ 
GAG CGA CAA (SEQ JD NO.:37), reverse primer Apex2BamRP CGC GGA TCC GAG 
GGT GGA TTA GTT AOA AC (SEQ JD NO.:38), PGR product cut with F^ml and 
BamHI restricdcm ndonucleasesX and joined to a cDNA fiagment encoding tiie. hinge 

IS (H), GH2 and GH3 domams of murine ]^2a in the vector pGDMTwhidh was likewise 
digested with Kpnl md BamHI restriction ^donucleases. Ligated products were xised to 
transform MC1061/P3 E. coli, v*ich were grown on agar containing SOug/ml ampiciUin 
and IS ug/ml tetracyclin. Cloned cDNAs were obtained from the bacteria by standard 
SDS lysis and ptmjScation on QIAGEN miniprep columns. The integrity of APEX-2 - 

20 encoding portion of the a/^-2mIg cDNA clone was confirmed by sequencing.. The 
resulting aiqino acid sequence of the e?q>ressed protein contributed to by the Apex-2 
cDNA is shown (Figure 1 1). The amino tenninal secretory sequence was derived from 
the endogenous qper-2 gene, and the amino acids 1-238 of APBX-2 are present figure 
3). The BamHI endouclease restriction site adds His-Pro amino adds at the junction of 

2S the APEX-2 and the H-CHrCHsIg portion of the molecule. 

Expression of APEaC-lIe imd APfcX-2mIg in COS Cells ; 

The fusion proteins, APEX-lIg, including the putative extracellular domains of APEX-1 
30 and human Ig, and APEX-2mIg» consisting of the putative extracellular domain of 
^APEX-2 -and-mouse Tg were produced by tramient expressioh of COS~cel^^^ 
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fiictories (Nunc, Roddlde, Denmaik) in serum fiee-DMEM stqpplemented with 2 mM 
glutamine. COS cells were groivn to approximately 75% confluency in cell &ctQries in 
DMEM containing 10% fetal bovine serum (FBS). Transient expression of Apex-llg and 
Apex-2inlg was obtained by transfection using &e DBAE-Dextran/Chloroquine and 
5 purified fusion-protein-encoding vectpr. DMEM containing 5% Nu-Serum (Becton- 
Dickinson, Franklin Lakes, NJ), lug/ml DNA/and DEAE-Dextran/Chloroquine at a final 
concentration of 400ug/jnl DEAE-Dextran and lOOuM Chloroquine phosphate was added 
tocellsfor4hat37Cinatotalvolumeof625ml. Cells were DMSO shocked (1000 ml 
of 10% DMSO in PBS) for 2 min, prior to ovonight culture in 1000 ml of 10% 
10 FB8/DMEM. DMEM (1000 ml^Eacbny) supplemented with 2 mM glutamine was 
substituted at day 1. Cells were cultured in serum-free DMEM for 3 days, and ceil-free 
supematants were harvested. 

The recombinant APEX-lIg or APEX-^bnoIg fiision protems were purified by adsorption* 
15 to and elution from Protein A Sephaiose. Briefly, after removal of cellular debris by low 
speed centrifiigation, medium was applied to a column (approxunately 1000 ml of 
medium^ ml packed bed volume) of immobilized protein A (Repligen, Cambridge, MA) 
equilibrated with phoi^hate buffered saUne (PBS). After ^plication of the mediimi, the 
colunm was washed with PBS and subsequently binding buffer compatible with the 
20 elution bufier (Pierce, Rockford, IL), and bound protein was eluted with 15 ml of 
ImmunoPure Gentle Ag/Ah Elution Buffer (Pierce). Eluted material vras both dialyzed 
. against PBS and concentrated in 15 ml Biomax lOK NMWL Ultrafree 15 centrifiigal 
filter device ^fillipore Corporation, Bedford, MA)* Protein concentrations were 
determined using Coomassie Plus Protein Ass^ Reagent (Pierce, IL). The purified 
25 APEX-lIg aud APEX-2mIg proteios were analyzed by SDS-PAOE. APEX-lIg had 
slig^y higher electrophoretic mobility than APEX-2mIg (Figure 12). 

The human IgGl construct included an amiao-teiminal ftrombin cleavage site 
(Hollenbat^ et al., 1995), allowing separation of APEX-1 extracellular domain from 
30 IgOl- IgGl was cleaved with thrombin (Sigma, St Louis, MO) at 50:1 (w/w) Apex- 
llgrtbrombitt ratio for I hour at room temperature. Free lgGl and non-cleaved Apex-llg" 
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were removed by adsorption to protein A and purified APEX-1 protdn was further 
characterized by Western Blot analysis (described below, Figure 14) using the 
monoclonal antibodies prepared by the invention (described in Example 5). 

5 Expression of APEX>lIg in St9 cells; 

The cDNA encoding the APEX-lIg (described above) was cloned into a modified 
pFastbac vector. (Oibco-BRL Life Technologies^ Gaithersburg^ MD) for baculovirus 
eqnession in Sf9 (Spodopteia firugiperda) insect pislis. The entire Apex-llg cDNA was 

10 seised using Hindin and Xbal restriction endonucleases, and lighted into the modified 
pFaslbac vector cut with Hindm and XbaL A Recombinant virus was obtained 
following transformation of DHIO Bac cells witibi pFastbac-Apex-lhIg vector. Sf9 cells 
(2xl0Vml) were infected with the recombinant virus (1/1000 dilution of PHI virus stock) 
and grown for 24 hr at 27 C in EX-CELL 420 msect serum fiee medium (JRH 

IS Bioscience, Lenexa, KS). Cell fiee-siq>ematant was collected and passed over protein A- 
sepharose to purify the APEX-lIg* APEX-lIg produced by SB cells had slightly 
increased electrophoretic mobility than that of APEX-lIg produced by COS cells (Figure 
13), probably 4ue to differences in protein glycosylation in the two expression systems. 

20 Western Blot Analysis ; 

APEX-1 extracellular d<miain (lug/lane) was pretreated in sample buffer with (reduced) 
or wifliout (non-reduced) 2-mercfq9toelhanol, boiled for S min and loaded onto 4-20% 
Tris/Glycine gels (Nov^ San Diego, CA) for SDS-PAGB. Following electrophoresis, 
25 protems were transferred onto nitrocellulose membranes <BioRad» San piego» CA). 
M^branes were blocked ovemig^ in 5% non-fid milk powder/0.1% Tween-20/rris 
buffered saline (T-TBS). Anti*APEX-l mAb (hybridoma culture siq}ematant) were used 
to detect tlie extracellular domain of APEX-1. Bound antibody was visualized using 
HRP-conjugated donkey anti-mouse IgG (Jackson ImmunoResearch, Inc., West Grove, 
30 PA) and the Enhanced Chemiluminescence reagent (Amersham, Arlington Heights, IL) 
- with Kodak X-Omat fiUm. ; ""^ 
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Results 

Fusion proteins including die extracellular domains of APEX-1 and APEX-2 &sed to 
either human IgGl (APEX-lIg) or mouse IgG2a {APEX-2mIg) were produced as 
* 5 described above. Under reducing conditions, APEX-1 Ig exhibited a molecular mass of 
75-80 kDa» with AFEX-20iIg migrating slightly faster corresponding to a molecular mass 
of 70-7SkDa (Figure 12). Monoclonid antibodies against APEX^l raised by immimiTjng 
mice with the APEX-1 recombinant extracellular domains, produced by cleavage of 
APEX-lIg with thrombm» were used for Western Blot analysis of recombmanat APEX- 
10 llg fusion protein so produced. The extraceUular domain exUbiteda noolecular wd^^ 
approximately SOkDa under non-iediicing conditions, and 40l£Da under redudng 
conditions, indicatmg the pres«»:e of disulfide bonds in the extracellular domain as 
produced by th& cleaved fusion proteuL The extraceUuIar doniain was recognized by a 
panel of monoclonal antibodies against APEX-1 (Figure 14). 

15 

EXAMPLE 5: Monoclonal Antiboity preparation 

Female BALB/c mice were injected intr^)eritoneally at day 0 and day 21 with 
recombinant, COS produced, full-length extracellular domain of Apex-1 (SO |JLg) in RIBI 

20 adjuvant (Ribi Immunodiem Research, Inc, Hamilton, MT)* At day 31, serum (100^1) 
was obtained to test for the presenoe pf specific antibodies. At day 35» the mice received 
a final injection i.v. of SO^inPBSof Apra-1 protein. Three days after the last injection, 
mice were saoificed and spleen cells were fused to the X63-Ag8-6S3 myeloma fusion 
partner at a ratio of 5:1 using 50% polyettiylene glycol as previously described (Starling 

25 et al. 1996). The fused cells were resuspended in complete IMDM medium 
suppl^ented with 2 mM glutamine, hypoxanthine (0,1 mM), aminopterin (0,01 mM), 
thymidine (0.016 mM) and 10% ORIGEN hybridoma cloning factor (IGEN International, 
Inc. Gaithersbuig, MD). The fused cells were then distributed between the wells of 96- 
well tissue culture plates, so that each well contained 1 growing hybrid on average. 

30 
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After 10-14 days the supematants of the hyhridoma populations were soieened for 
specific antibody production. Cells were grdwn and wells assayed for binding activity to 
Apex**! but not an irrelevant human Ig fusion protein to remove reactivity against 
contaminating human Ig-specific hybridoma cells. Hybridoma cells secreting Apex-llg 
S specific mAb were cloned (once) by limiting dilution (in IMDM containing 10% 
ORIGEN cloning fiictor and 2 mM glutamine) and expanded in tissue culture plates. 
Tissue culture siq)erQatants were used as a source of unpurified mAb for western blotting 
estperiments. 



10 EXAMPLE 6: Expression of fuO-Iengfli APEX4 and APEX-2 Polypeptides 

£q^-l and (q>ex'2 cDNAs encoding for the Mi length mature polypeptides (excluding 
the sequences encoding native signal sequences) were cloned into pCDNA3 (Invitrogen, 
Carlsbad, CA) with cDNA encoding for the human CDS signal peptide (Accession # 

15 X04391, amino acid sequence MPMGSLQPLATLYLLGMLVASCLG) and the FLAG 
tag peptide (DYKDDDDK) 5' to the Apex sequence. FLAG sequences were added to 
the forward (S') primers, to generate seqtiences including the following, CDS Signal 
' peptide-FLAO-APEX-1, and CDS Signal peptide-FLAO-APEX-2-encoding sequences 
The cDNAs were generated by PCR using primer sequences for cpexA : forward primer 

20 SpeFlagA 1 CGG ACT AGT OAC TAC AAG GAC G AC OAT GAC AAG TCT GGA 
CCC GTG AAA GAG CTG GTC GGT TCC (SEQ ED NO,:39), reverse primer AlXbaip 
^ctctagacactgc^ctagataacattctcataggc (SEQ ID NO. :40); qp£x-2 forward primor 
SpeFlagA2§> CGG ACT AGT GAC TAC AAG GAC GAC GAT GAC AAG AGT GAA 
GTT TCA CAG AGC AGC TCA GAC CCC (SEQ ED N0.:41), reverse primer A2xbaip 

2S t^tctagacaagtcactgcagtgctcttccttcaggag(SEQEDNO.:42). PCR products were 
digested with the restriction endonucleases Spel and Xbal mi ligated to pCDNA3 that 
had been digested with Spel and Xbal. Ligated products were used to transform DHSa 
E. coli» Vfbich were grown on agar containing lOOug/ml ampicilliiL Cloned cDNAs were 
obtained &om the bacteria by standard SDS lysis and purification on QIAGEN miniprep 

30 colunms. The DNAs were sequenced to ensure fidelity of the PCR reaction. The 
encoded auMfio acid sequel are shown in Figures 
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15 and 16 jrespectively. The cDNAs were transfected into COS cells for transient 
eaqjression or into human or mouse cell lines, for stable expression using the antibiotic 
geneticin (Gibco^BRL Life Technologies) as a selection agent 

5 Cell surfece expression can be detected by binding of specific antibody to either APEX-1 
or APEX-2, or by M2 antibody (Sigma, St. Louis, MO) against tiie FLAO tag. 

EXAMPLE 7: Polydoiuil antibody productfon 

10 NZW rabbits wore immunized with either the extracellular domains of or Apex- 

2mlg in Freund's Complete Adjuvant (initial inununization) or Freund's Incoiqplete 
Adjuvant (boosts). Following a series of immunizations, rabbits were bleed and sera 
were collected and processed by centrifiigation. Sera will be adsorbed agpinst human and 
mouse immunoglobulins to remove antibody lecogaizing the Ig portion of the fusion 

IS proteins used as immunogens. Antisera are to be used in functional. studies and for cell 
sui&ce staining. . 

Various publications are cited herein tiiat are hereby incorporated by refer^ce in their entirety. 

20 As will be parent to those skilled in tiie art in wWch the invration is addressed, the i^esent 
invention may be embodied in forms other than those spedfically disclosed without departing 
from the spirit or potential characteristics of the invention. Particular embodiments of the 
present invention described above are therefore to be considered in all respects as illustrative 
and not restrictive. The scope of the invention is as set forth in the appended claims and 

25 equivalents thereof ratiier than being limited to fbs exanq)les contained in the foregoing 
descdptioiL 
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SEQUENCE LISTING 

<110> Starling, Gary 
^ Finger r Joshua N. 

<120> NOVEL IMMUNOGLOBULIN SDPERFAMILY MEMBERS APEX-1, APEX.-2, 
: APEX-3 

<130> 30436. 43DSP1 

10 

<140> Not yet known 
■ <141> 1999-12-15 

<160> 34 

15 

■<170> Patentin Ver. 2.0 

•<210> 1 
<211> 2704 
20 <212> DNA 

<213> APEX-1 

<400> 1 

ggaagtggct tcatttcagt ggctgacttc cagagagcaa tatggctggt tccccaacat 60 

25 gcctcaccct catc±^tatc ctttggcagc tcacagggtc agcagcctct ggacccgtga 120 
aagagctggt cggttccgtt ggtggggccg tgactttccc cctgaagtcc aaagtaaagc 180 
aagttgactc tattgtctgg accttcaaca caacccctct tgtcaccata cagccagaag 240 
ggggcactat catagtgacc caaaatcgta atagggagag agtagacttc ccagatggag 300 
gctactccct jfaagctcagc aaactgaaga agaatgactc agggatctac tatgtgggga 360 

30 tatacagctc atcactccag cagccctcca cccaggagta cgtgctgcat gtctacgagc 420 
acctgtcaaa gcctaaagtc accatgggtc tgcagagcaa taagaatggc acctgtgtga 480 
ccaiatctgac atgctgcatg gaacatgggg aagaggatgt gatttatacc tggaaggccc 540 
tggggcaagc agccaatgag tcccataatg ggtccatcct ccccatctcc tggagatggg 600. 
gagaaagtga tatgaccttc atctgcgttg ccaggaaccc tgtcagcaga aacttctqaa 660 

35 gccccatcct tgccaggaag ctctgtgaag gtgctgctga tgacccagat tcctccatgg 720 
tcctcctgtg- tctcctgttg gtgcccctcc tgctcagtct ctttgtactg gggctatttc 780 
tttggtttct gaagagagag agacaagaag agtacattga agagaagaag agagtggaca 840 
tttgtcggga aactcctaac atatgccccc attctggaga gaacacagag tacgacacaa 900 
tccctcacac taatagaaca atcctaaagg aagatccagc aaatacggtt tactccactg 960 

40 tggaaatacc gaaaaagatg gaaaatcccc actcactgct cacgatgcca gacacaccaa 1020 
ggctatttgc ctatgagaat gttatctaga cagcagtgca ctcccctaag tctctgctca 1080 
aaaaaaaaac aattctcggc ccaaagaaaa caatcagaag aattcactga tttgactaga 1140 
aacatcaagg aagaatgaag aacgttgact tttttccagg ataaattatc tctgatgctt 1200 
ctttagattt aagagttcgt aattccatcc actgctgaga aatctcctca aacccagaag 1260 

45 gtttaatcac ttcatcccaa aaatgggatt gtgaatgtca gcaaaccata aaaaaagtgc 1320 
ttagaagtat tcctatagaa atgtaaatgc aaggtcacac atattaatga cagcctgttg 1380 
tattaatgat ggctccaggt cagtgtctgg agtttcattc catcccaggg cttggatgtc 1440 
aggattatac caagagtctt gctaccagga gggcaagaag accaaaacag acagacaagt 1500 
ccagcagaag cagatgcacc tgacaaaaat ggatgtatta attggctcta taaactatgt 1560 

50 gcccagcact atgctgagct tacactaatt ggtcagacgt ggtgtctgcc ctcatgaaat 1620 
tggctccaaa tgaatgaact actttcatga gcagttgtag caggcctgac cacagattcc 1680 
cagagggcca ggtgtggate cacaggactt gaaggtcaaa gttcacaaag atgaagaatc 1740 
agggtagctg accatgtttg gcagatacta taatggagac acagaagtgt gcatggccca 1800 
aggacaagga cctccagcca ggcttcattt atgcacttgt gctgcaaaag aaaagtctag 1860 

55 gttttaaggc tgtgccagaa cccabcccaa taaagagacc gagtctgaag tcacattgta„192_0 

aatcfeagtgt- aggagacttg-gagtcaggca gtgagactgg't^gggcacgg ggggcagtgg 1980 

gtacttgtaa acctttaaag atggttaatt cattcaatag atatttatta agaacctact 2040 
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atgcggcccg gcatggtggc tcacacctgt 
tgggtcatct gaggtcagga gttcaagacc 
tactaaagat caaaatttgc tgagcgtggt 
ggccaaggca tgagaatcgc ttgaacctgg 
S cactgcactc cggcctaggc aacgagagca 
ctgtgctagg tcagtctggc acgtaagatg 
tcttatactt aagtgaaaaa catggggaag 
tccctgacgc atatcttgaa tggagacctc 
taataacaaa tgcttgttgg gcaagaatgg 
10 ttgtgaagga attgagccag atctctctcc- 
tcttctttac tatcttaata aaacagatat 
aaaa 



aatcccagca ctttgggagg ccaaggtggg 2100 
agcctggcca acatggtgaa accccatctc 2160 
ggtgtgcacc tgtatcccag ctactcgaga 2220. 
aggtgaggtt gcagtgagct gagatggcac 2280 
aaactccaat acaaacaaac aaacaaacac 2340 
aacatcccta ccaacacaga gctcaccatc 2400 
gggaaagggg aatggctgct tttgatatgt 2460 
cctaccaagt gatgaaagt'g ttgaaaaact 2520 
gattgaggat tatcttctct cagaaaggca 2580 
ctactgcaaa accctattgt agtaaaaaag 2640 
tgtgagattc acataaaaaa aaaaaaaaaa 2700 

2704 



<210> 2 . 
15 <211> 1516 
<212> DNA 
<213> APEX-2 



<400> 2 

20 ttcaagttcc acgttcccta ctgctaagag tcttagctta caaaagatat tcttgtaagc 60 
caagtgtgaa gttaatcacg acaaccaaag gtttgctaac atagaggaag agctdtcatc 120 
' aataggggaa cagaaagtct cagcgacaag cttatgaaag aatggctgtc tcaagggctc 180 
caacacccga ctccgcctgt cagaggat'gg tctggctctt tccacttgtc ttctgcctcg 240 
gctcagggag tgaagtttca cagagcagct cagaccccca gctaatgaat ggcgttctag 300 

25 gagagtctgc agttcttcct ctaaagcttc ctgcagggaa g^tagccaat atcatcatct 360 
ggaattatga atgggaagcg tcacaagtca ctgccctcgt tatcaaccta agtaatcctg 420 
aaagtccaca aatcatgaac actgatgtaa agaagagact gaacatcacc cagtcctact 480 
ccctgcaaat cagcaacctt accatggcag acacaggatc atacactgcg cagataacca 540 
caaaggactc tgaagtgatc accttcaaat atattctgag ggtctttgaa cgattgggta 600 

30 acttagaaac taccaactat actctcctgc tagagaatgg gacctgccag atacacctgg 660 
cctgtgtttt gaagaatcaa agtcaaactg tctcagttga gtggcaagcc acaggaaaca 720 
tctctttagg aggaccaaat gtcactatct tttgggaccc gaggaattct ggtgaccaga 780 
cttacgtctg cagagccaag aatgctgtca gcaatttgtc agtctctgtt tcgacccaga 840 
gtctctgcaa aggggttcta actaatccac cctggaatgc agtatggttt atgactacaa 900 

35 tttcaataat cagtgcagtc atactcatct ttgtgtgctg gagcatacat gtttggaaga 960 
gaagaggttc tcttcctttg actagccaac atccagagtc ctcccagagc acagatggcc 1020 
caggctctcc agggaacact grtgtatgcac aagtcactcg tccaatgcag gaaatgaaaa 1080 
tcccaaaacc tatcaaaaat gactccatga caatttactc catagttaat cattccagag 1140 
aggaaacagt ggcfcttaacc ggctataacc aacccattac cctgaaggtt aacactttaa 1200 

40 tcaactataa ctcctgaagg aagagcactg cagtgacttg aggaaattaa acaatgctgt 1260 
caccacagct ctggcttaga ttaatgaagt cagcatctct ggagattgag cgctgccatt 1320 
tgcattgttc aaacgctttc taggtggtat ggtgagatgc cagagggcta agggccatta 1380 
tagcagggta gtttgactag gaatacataa gatagaaagc ctagaatcgt atcattgaaa 1440 
gggacaatgg acctaagaga agtggaataa aattgtgtca cacaaaaaaa aaaaaaaaaa 1500 

45 aaaaaaaaaa gcttgt 1516 

<210> 3 
<211> 1408 
<212> DNA 
50 <213> APEX-3 

<400> 3 

gaattcgaat tcgggacttt ccagaaggac cacagctcct cccgtgcatc cactcggcct 60 
gg^aggttct ggattttggc tgtcgaggga gtttgcctgc ctctccagag aaagatggtc 120 
55 atgaggcccc tgtggagtct gcttctctgg gaagccctac ttcccattac agttactggt 180 
gcccaagtgc tgagcaaagt cgggggctcg gtgctgctgg tggcagcgcg tccccctggc 240 
ttccaagtcc gtgaggctat ctggcgatct ctctggcctt cagaagagct cctggccacg 300 
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tttttccgag gctccctgga gactctgtac cattcccgct tcctgggccg agcccagcta 360 
cacagcaacc tcagcctgga gctcgggccg ctggagtctg gagacagcgg caacttctcc 420 
gtgttgatgg tggacacaag gggccagccc tggacccaga ccctccagct caaggtgtac 480 
gatgcagtgc ccaggcccgt ggtacaagtg ttcattgctg tagaaaggga tgctcagccc 540 
tccaagacct gccaggtttt cttgtcctgt tgggccccca acatcagcga aataacctat 600 
agctggcgac gggagacaac catggacttt ggtatggaac cacacagcct cttcacagac 660 
ggacaggtgc tgagcatttc cctgggacca ggagacagag atgtggccta ttcctgcatt 720 
gtctccaacc ctgtcagctg ggacttggcc aca^cacgc cctgggatag ctgtcatcat 780 
gaggcagcac cagggaaggc ctcctacaaa gatgtgctgc tggtggtggt gcctgtctcg 840 
ctgctcctga tgctggttac tctcttctct gcctggcact ggtgcccctg ctcagggaaa 900 
aagaaaaagg atgtccatgc tgacagagtg ggtccagaga cagagaaccc ccttgtgcag 960 
gatctgccat aaaggacaat atgaactgat gcctggacta tcagtaaccc cactgcacag 1020 
gcacacgatg ctctgggaca taactggtgc ctggaaatca ccatggtcct catatctccc 1080 
atgggaatcc tgtcctgcct cgaaggagca gcctgggcag ccatcacacc acgaggacag 11'40 
gaagcaccag cacgtttcac acctccccct tccctctccc atcttctcat atcctggctc 1200 
ttctctgggc aagatgagcc aagcagaaca ttccatccag gacactggaa gttctccagg 1260 
atccagatcc atggggacat taatagtccsa aggcattccp tcccccacca ctattcataa 1320 
agtattaacc aactggcacc aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa 1380 
aaaaaaaaaa aaaaagggcg gccgcccg 1408 

<210> 4 
<211> 335 
<212> PRT 
<213> APE3C-1 

<400> 4 

Met Ala Gly Ser Pro Thr Cys I.eu Thr Leu lie Tyr lie Leu Trp Gin 
15 10 * 15 

Leu Thr Gly Ser Ala Ala Ser Gly Pro Val Lys Glu Leu Val Gly Ser 
20 ' 25 30 

Val Gly Gly Ala Val Thr Phe Pro Leu Lys Ser Lys Val Lys Gin Val 
35 40 45 

•Asp Ser lie Val Trp Thr Phe Asn Thr Thr Pro Leu Val Thr lie Gin 
50 55 60 

Pro Glu Gly Gly Thr He He Val Thr Gin Asn Arg Asn Arg Glu Arg 
65 70 75 80 

Val Asp Phe Pro Asp Gly Gly Tyr Ser Leu Lys Leu Ser Lys Leu Lys 
a5 90 95 

Lys Asn Asp. Ser Gly He Tyr Tyr Val Gly lie Tyr Ser Ser Ser Leu 
100 105 110 

Gin Gin Pro Ser Thr Gin Glu Tyr Val Leu His Val Tyr Glu His Leu 
115 120 125 

Ser Lys Pro Lys Val Thr Met Gly Leu Gin Ser Asn Lys Asn Gly Thr 
130 135 140 

Cys Val Thr T^n Leu Thr Cys Cys Met Glu His Gly Glu Glu Asp Val 

145 150 155 160 



He Tyr Thr Trp Lys Ala Leu Gly Gin Ala Ala Asn Glu Ser His Asn 
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165 170 175 

. Gly Ser lie Leu Pro He' Ser Trp Arg Trp Gly Glu Ser Asp Met Thr 
180 185 190 

5 

Phe lie Cys Val Ala Arg Asn Pro Val Ser Arg Asn Phe Ser Ser Pro 
195 200 205 

lie Leu Ala Arg Lys Leu Cys Glu Gly Ala Ala Asp Asp Pro Asp Ser 
10 210 215 220 

Ser Met 'Val Leu Leu Cys Leu Leu Leu Val Pro Leu Leu Leu Ser Leu 
225 230 235 240 

15 Phe Val Leu Gly Leu Phe Leu Trp Phe Leu Lys Arg Glu Arg Gin Glu 

245 250 255 

Glu Tyr lie Glii Glu Lys Lys Arg Val Asp lie Cys Arg Glu Thr Pro 
260 265 270 

20 

Asn lie Cys Pro His Ser Gly Glu Asri Thr Glu Tyr Asp Thr lie Pro 
275 280 285 

His Thr Asn Arg Thr' He Leu Lys Glu Asp Pro Ala Asn Thr Val Tyr 
25 290 295 300 

Ser Thr Val Glu Ile'Pro Lys Lys Met Glu Asn Pro His Ser Leu Leu 
305 310 315 . 320 

30 Thr Met Pro Asp Thr Pro Arg Leu Phe Ala Tyr Glu Asn Val He 

325 330 335 



<210> 5 
35 <211> 351 
<212> PRT 
<213> APEX-2 

<400> 5 

40 Met Ala Val Ser Arg Ala Pro Thr Pro Asp Ser Ala Cys Gin Arg Met 

1 5 . 10 . 15 . 

Val Trp Leu Phe Pro Leu Val Phe Cys Leu Gly Ser Gly Ser Glu Val 
20 25 30 

45 

Ser Gin Ser Ser Ser Asp Pro Gin Leu Met Asn Gly Val Leu Gly Glu 
35 40 45 

Ser Ala Val Leu Pro Leu Lys Leu Pro Ala Gly Lys He Ala Asn He 
50 50 ■ . 55 * 60 

He He Trp Asn Tyr Glu Trp Glu Ala Ser Gin Val Thr Ala Leu Val 
65 70 75 80 

55 He Asn Leu Ser_Asn Pro G^ Thr„ AspJVal, 
- 90 95 
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Lys Lys Arg Leu Aan lie Thr Gin Ser Tyr Ser Leu Gin lie Ser Asn 
100 105 110 

Leu Thr Met Ala Asp Thr Gly Ser Tyr Thr Ala Gin He Thr Thr Lys 

115 120 125 

Asp Ser Glu Val lie Thr Phe Lys Tyr lie Leu Arg Val Phe Glu Arg 
130 135 140 

Leu Gly Asn Leu Glu Thr Thr Asn Tyr Thr Leu Leu Leu Glu Asn Gly 
145 150 155 160 

Thr Cys Gin He His Leu Ala Cys Val lieu Lys Asn Gin Ser Gin Thr 
165 170 175 ' 

Val Ser Val Glu Trp Gin Ala Thr Gly Asn He Ser Leu Gly Gly Pro 
180 185 190 

Asn Val Thr He Phe Trp Asp Pro Arg Asn Ser Gly Asp Gin Thr Tyr 
195 200 205 

Val Cys Arg Ala Lys Asn Ala Val Ser Asn Leu Ser Val Ser Val Ser 
210 215 220 

Thr Gin Ser Leu Cys Lys Gly Val Leu Thr Asn Pro Pro Trp Asn Ala 
225 230 235 240 

Val Trp Phe Met Thr Thr He* Ser He He Ser Ala Val He Leu He 
.245 250 255 

Phe Val Cys Trp Ser He His Val Trp Lys Arg Arg Gly Ser Leu Pro 
260 265 270 

Leu Thr Ser Gin His Pro Glu Ser Ser Gin Ser Thr Asp Gly Pro Gly 
275 280 285 

Ser Pro Gly Asn Thr Val Tyr Ala Gin Val Thr Arg Pro Met Gin Glu 
290 295 300 ' 

' Met Lys He Pro Lys Pro He Lys Asn Asp Ser Met Thr He Tyr Ser 
305 310 315 320 

He Val Asn His Ser Arg Glu Glu Thr Val Ala Leu .Thr Gly Tyr Asn 
325 . 330 335 



Gin Pro He Thr Leu Lys Val Asn Thr Leu He Asn Tyr Asn Ser 
340- 345 350 



<210> 6 
<211> 285 
<212> PRT 
<213> APEX-3 

<400> 6 

— Met-Val--Met *Arg Pro Leu Trp' Ser~Leu'Leu Leu 

1 '5 10 .15 
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Pro He Thr Val Thr Gly Ala Gin Val Leu Ser Lys Val Gly Gly Ser 
20 25 30 

S Val Leu Leu Val Ala Ala Arg Pro Pro Gly Phe Gin Val Arg GIu Ala 
35 .40 45 

He Trp Arg Ser Leu Trp Pro Ser Glu Glu Leu Leu Ala Thr Phe Phe 

50 55 . ' 60 

10 • 

Arg Gly Ser Leu Glu Thr Leu Tyr His Ser Arg Phe Leu Gly Arg Ala 

65 70 75 80 

Gin Leu His Ser Asn Leu Ser Leu Glu Leu Gly Pro Leu Glu Ser Gly 
15 85 90 95 

Asp Ser Gly Asn Phe Ser Val Leu Met Val Asp Thr Arg Gly Gin Pro 
100 105 110 

20 Trp Thr Gin Thr Leu Gin Leu Lys Val Tyr Asp Ala Val Pro Arg Pro 
115 120 125 

Val Val Glri Val Phe He Ala Val Glu Arg Asp Ala Gin Pro Ser Lys 
130 135 ' 14P . 

25 

Thr Cys Gin Val Phe Leu Ser Cys Trp Ala Pro Asn He Ser Glu He 
145 150 155 160 

Thr Tyr Ser Trp Arg Arg Glu Thr Thr Met Asp Phe Gly Met Glu Pro 
30 165 170 175 

His Ser Leu Phe Thr Asp Gly. Gin Val Leu Ser He Ser Leu Gly Pro 
180 185 190 

35 Gly Asp Arg Asp Val Ala Tyr Ser Cys lie Val Ser Asn Pro Val Ser 
195 200 205 

Trp Asp Leu Ala Thr Val Thr Pro Trp Asp Ser Cys His His Glu Ala 

210 215 220 

40 

Ala Prb Gly Lys Ala Ser Tyr Lys Asp Val Leu Leu Val Val Val Pro 
225 230 235 240 

Val Ser Leu Leu Leu Met Leu Val Thr Leu Phe Ser Ala Trp Hijs Trp 
45 245 250 255 

Cys Pro Cys Ser Gly Lys Lys Lys Lys Asp Val His Ala Asp Arg Val 
260 265 270 

50 Gly Pro Glu Thr Glu Asn Pro Leu Val Gin Asp Leu Pro 
275 280 285 



<210> 7 
55 <211> 19 

<212>-DNA 

<213> JNFX primer 
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<400> 7 

cagagtacga cacaatccc 

5 <210> 8 
<211> 20 
<212> DNA 
<213> JNF2 primer 

10 <400> 8 • 
actccactgt ggaaataccg '2^ 

<210> 9 
<211> 52 
15 <212> DNA 

<213> JNF3 primer 



20 



25 



<400> 9 ' 
ccagtgagca gagtgacgag gactcgagct caagcttttt tttttttttt tt 32 

y2io> io 

<211> 18 

<212> DNA 

<213> JNF4 primer 

<400> 10 

gaggactcga gctcaagc ^® 



<210> 11 

30 <2ii> 18 

<212> DNA 

<213> JNF5 primer 

<400>- 11 
35 ccagtgagca gagtgacg 

<210> 12 
<211> 20 
<212> DNA 
40 <213> JNF6 primer 

<400> 12 

atcctttggc agctcacagg 

45 <210> 13 
<211> 19 
<212> DNA 
<213> JNF7 primer 

50 <400> 13 ■ ^ iQ 

cttcacagag cttcctggc 

<210> 14 
<211> ?0 

55 <212> DNA 

:<213>'"JNF12~~primer 



81 



wo 01/46260 



PCTAJSOO/34963 



<400> 14 

gagtcttgct accaggaggg 20 

<210> 15 
5 <2H> 20 
<212> DMA 

<213> aNF13 primer 



<400> 15 

10 gacacagaag tgtgcatggc 20 

<210> 16 
<211> -20 - 
<212> DNA 
15 <213> JNF14 primer 

<400> 16 

tggctcacac ctgtaatccc 20 

20 <210> 17 
<211> 20 
<212> DNA 

<213> JNF15 primer 
25 <400> 17 

catctcagct cactgcaacc 20 

<210> 18 
<211> 20 
30 <212> DNA 

<213> JNF16 primer 

<40b> 18 

gactcggtct ctttattggg 20 

<210> 19 
<211> 20 
<212> DNA 
<213> JNF17 primer 

<400> 19 . 

aagctcagca tagtgctggg 20 



35 



40 



<210> 20 
45 <211> 20 
<212> DNA 
<213> JNF18 primer 

<400> 20 
50 gatttctcag cagtggatgg 

<210> 21 
<211> 32 
<212> DNA 
55 <213> Llewellyn4 primer 

<400> 21 
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10 



15 



50 



55 



cccaagcttc cagagagcaa tatggctggt cc 32 

<210> 22 

<211> 20 

<212> DNA 

<213> JNF19 primer 

<400> 22 

acctgccaga tacacctggc 20 

<210> 23 
<2ll> 20 
<212> DNA 

<213> JNF20 primer 
<400> 23 

agacttacgt ctgcagagcc 20 



<210> 24 
20 <211> 20 
• <212> DNA 
<213> JNF21 primer 

<400> 24 

25 gctggagcat acatgtttgg 20 

<210> 25 
<211> 20 
<212>"DNA 
30 <213> JNF22 primer 

<400> 25 

ttaaccttca gggtaatggg 20 

35' <210> 26 * 
*<211> 20 
<212> DNA • 
<213> JNF23 primer 

40 <400> 26 

gaacaatgca aatggcagcg 20 

<210> 27 ' 
<211> '20 
45 <212> DNA 

<213> JNF33 primer 



<400> 27 

acaggacaag aaaacctggc 20 

<210> 28 
<211> 21 
<212> DNA 
<213> JNF34 primer 

<400>-28--_ , 



cgaaataacc tatagctggc g 21 



83 



wo 01/46260 



PCT/USOO/34963 



<210> 29 
<211> 20 
<212> DNA 
5 <213> JNF35 primer 

<400> 29 

tcctgcattg tctccaaccc 20 

10 <210> 30 
<211> 19 
<212> DNA 

<213> JNF36 primer 
15 <400> 30 

ggcagatcct gcacaaggg 19 

<210> 31 • 
<211> 20 
20 <212> DNA. 

<213> JNf'37 primer 

<400> 31 

atcttgccca gagaagagcc 20 

<210> 32 
<211> 20 
<212> DNA 

<213> JNF38 primer 
<400> 32 

gaagctgatg ctggcatggg 20 



25 



30 



<210> 33 
35 <211> 20 
<212> DNA 

.<213> JNF39 primer 
<400> 33 

40 catatctccc atgggaatcc 20 

<210> 34 
<211> 21 
<212> DNA 
45 <213> JNF40 primer 

<400> 34 

ctggcctaag gactttcagg t 21 

50 



55 
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What is claimed is: 

1. An isolated nucleic acid mole(^e encoding APEX-1. 

2. Ilie isolated nucleic acid molcGiileofclaimU wherein t^^ 

guanine (g) at position 1 and ends wiih an adenine (a) at position 2704 as shown 
inSEQIDNO.l. 

3. The isolated nucleic acid molecule of claim 1 , wheiein APE7C-1 has an amino 
acid sequent shown in SEQ ID NO. 4. 

4. The isolated nucleic add molecule of claim 3, wheiein the amino acid sequence is 
encoded by a nucleotide sequence beginning with adenine (a) at position 42 and 
ending with guanine (g) at position 1049 as shown in SEQ ID NO. 1. 

5* Hie isolated nucleic add molecule of claim 1» ivheiein APEX-1 has an 

extracellular domain encoded by nucleotide sequences beginmng witii thymine (t) 
at position 108 and ending with (^osine (c) at position 716 as shown m SEQ ID 
NO-L 

6. An isolated nucldc add molecule encoding APEX-2. 

7. The isolated nucleic acid molecule of claim 6, wheiein the molecule begins with 
thymine (t) at position 1 and ends with thymine (t) at position 1S16 as shown in 
SEQ ID N0.2, or a fragment thereof. 

8. The isolated nucleic acid molecule of claim 6» wherein APEX-2 has an amino 
acid sequence shown in SEQ ID NO. 5. 

9. The isolated nucleic add molecdeofclaim 8, wherein the anuno acid sequence 
encoded by a nucleotide sequence beginning wtthadpnine (a) a^^ 

ending with adenine at position 1217 as shown in SEQ ID NO. 2. 

85 



wo 01/46260 



PCT/USOO/34963 



10. The isolated nucldc add molecule of claim 6> wherein APEX-2 has an 
extracellular domain encoded by nucleotide sequences begimiing at adenine (a) at 
position 249 and ending with guanine at position 875 as shown in SEQ ID 

5 NO. 2. 

1 1 . An isolated nucleic add molecule encoding APEX-3. 

12. The isolated nucldc add moltoule of claim 1 1, v^erem the molecule begms witii 
10 guanine at position 1 and ends wilh guanine (g) at poition 1408 as shown in 

SEQ ID. NO. 3. 

13. The isolated nucleic add molecule of claim 11, wherein APEX-3 has an amino 
acid sequence shown in SEQ ID NO. 6. 

IS • 

14. The isolated nucleic acid molecule of claim 13, wheiein the amino add sequence 
is encoded by a nudeotide sequence beginning with adenine (a) at position 115 
and ending with ad^une at position 97^2 as shown in SEQ ID NO. 3. 

20 1 5. An isolated polynucleotide variant having at least 70% {tolynudeotide sequence 
identity to the polynucleotide of claim 1, 6, or 11. 

16* An' isolated polynucleotide yAdda hybridizes under stringent conditions to the 
complement of polynucleotide of claim 1, 6, or 11 . 

25 . 

1 7* An isolated nuddc add molecule comprising a nucleotide sequence whidi is 
complementary to the isolated nucleic add molecule of claim 1 , 6, or 1 1 . 

1 8. The isolated nucleic add molecule of claim 1 , 6, or 1 1 which is DNA or RNA. 

30 

1 9rThe isolated nucleic ajcid mdliBcule of claim wK^ih the DNAris~cDNA^ 
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20. The isolated nucleic add of daim 18, wherein the RNA is mRNA. 

21. The isolated nucldc add molecule of claim 1, 6, or 11 mMcH is labded with a 
.5 . detectable marker. 

22. The nucleic add molecule of claun 21 , whetein the detectable marker is selected 
from the group consistiiig of a radioisotope, a fluorescent compound^ a 
bioluminescent compound, a diendluminesceot compound, a metal chelator and 

10 an oizyme. 

23. A vector comprising the nucleotide sequence of claim 1, 6, or 1 1. 

24. A host vector system comprising the vector of claim 23 in a suitable host cell. 

15 

25. The hpst vector system of claim 24» wh^in the suitable host is a bacterial cell. 

26. The host vector system of claim 24» herein the suitable host is an eukaryolic 
cell. 

20 

27. An isolated protein designated APEX-1 or APEX-2, cominising-an extracellular 
domain having at least one Ig-like strocture and at least one N-glycosyladon site, 
a transmembrane domain, and a cytoplasmic donuiin having at least one SH2- 
binding motif. 

25 

28. The isolated protein designated APEX-1 of claun 27, having the ammo add 
sequence beginning at Met at position 1 and ending at He at position 335 as 
shovni in SEQ. ID. No. 4, or fragments thereof, the protein or the fragments 
having APEX activity. 

30 
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29. Tlie isolated protein designated APEX-2 of claim 27, Imv^ 

sequence beginning with Met at position 1 and ending at Ser at position 351 as 
shown in SEQ. ID. NO. S, or fiiigaimts thereof, the protein or the fi^^ 
having APEX activity. 

5 

30. An isolated protein designated APEX-3 consisting of the amino acid sequence 
beginning with Met at position 1 and ending at Pro at position 285 as shown in 
SEQ.ro.NO. 6. 

10 3 1 . An antibody which recognizes and bmds to the isolated protein of claim 27 or 3 0, 
or a fragment theieof having APEX activity. 

32. A Fab*, F(ab)2', or Fv fiagment of the antibody of claim 31. 

IS 33. The antibo(fy of claim 31, vAdch is a monoclonal antibody. 

34. The antibody of claim 33, which is 40-A10-G3 (AtCC Accession No.). 

35. The antibody of claim 33^ which is 66-H2-E5 (ATCC Accession No.). 

20 

36. The antibody of claim 33, which is 68-F12-(j6 (ATCC Accession No.). 

37. Ihe antibody of claim 33, which is 71-E9-F10 (ATCC Accession No.). 

25 38. The antibody of claim 31, vAitAi is a polyclonal antibody. 

39. The antibo^ of claim 31, whmin tiie antibody is a ((tumeric antibody haviog a 
murine antigen-binding site and a humanized region that regulates effector 
functions. 

30 

40rThe antibody of claim 3 IwMch is 
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41. The antibody of claim 40» wherein the detectable marker is selected from the 
group consisting of a radioisotope, a fluorescent compound* abioluminescent 
compound, a chemiluminescent compound, a metal chelator and an enzyme. 

5 42. A method of producing an APEX protein cpmprising: 

a) culturing the host-vector system of claim 24 under suitable conditions so as to 
produce the APEX protein; and 

b) recovering the APEX protein so produced 

10 43 . An APEX protein produced by the method of claim 42 . 

44. A soluble APEX protein having a first amino acid sequence corresponding to an 
extracellular domain of an APEX protein and a second amino Add sequence 
corresponding to a moiety that alters the solubility of said APEX protein. 

15 

45. The soluble APEX protein of claim 44, wherein said moiety is an 
inmiunoglobulin constant region. 

46. The soluble APEX protein of claim 44, wherein the APEX protein is APEX-1, 
20 APEX.2,orAPEX-3. 

47. A method for identifying a molecule in a sample A^ch specifically binds an 
APEX protein, the method comprising: 

25 (a) contacting the APEX protein with &e sample under suitable conditions so as 

to obtain a complex having the APEX protein and the molecule; 

(b) recovering the complex; and 

30 (c) separating the APEX protein from the molecule in the complex and identifying 
the.molecule so seperated.— 
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48. A method of of claim 47, v^erein the sample is a tissue, e.g.& brain» bone mairow, 
heart, kidney, liver, lung, lymph node, pancreas, placenta, skeletal muscle, 
thymus. 

5 

49. A method of claim 47, wherein the sample is a biological fluid, e.g., blood, urine, 
plasma, serum. 

50. A nucleic acid molecule having a nucleotide sequence selected fiom a groiq) 
10 conststing of SEQ IDNO: 7 to SBQ IDKO: 42. 

51 . A pharmaceutical composition comprising the APEX protein of claim 28, 29, or 
30, and an accq)table carrier. 

15 52. A pharmaceutical composition con:^>ii8ing an antibody or a antibody fiagment 
diereof, that recognizes an APHX protein, and an acceptable carrier. 



20 
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MAG8PTCLTLIYILBQLT6 S 20 

A A 86PVKBLV6&V66AVTFF 40 

CTGAAGTCCAAAGTAAAGCAAGTTGACTCTATTGTCTGGACCTTCAA^ 221 
LKSKVKQVDSIVWTFNTTPL 60 

GTCACCATACA6CC»6AAGGGGGCACTATCATAGTGAGa:AAAATC6TAATAGGGAGA^ 281 
VTXQ PBGGTIIVTQNRNRER 80 

GTAGACTTCCCAGATGGAGGCTACTCCCTGAAGCTCAGCAAAtrrGAAGM 341 
VDFPDGGYSLKIiSRLR k I Ti n al lOO 

GGGATCTACTATGTGGGGATATACAGCTGATCACTCCAGCAGCCXTCCA 401 
GIYYVGIYSSSLQQPSTQBY 120 

GTGCTGCATGTCTACGAGCACCTGTCAAAGCCTAAAGTCACCATGGGTCTGCAGAGC^ 461 
VLBVYSHLS. RPRVTHGLQSN 140 

iji i^TGGaiCC vaT(yfCiAC.e^^^ 52i 
R Ih, fl T Ic V tI H- T, iJ CCHRHGEBDV 160 

j^TOaT^rrTYscaiiftGr^ffTfa^cc^^ 561 
IYTffKAI>6QAA IN — B—SlJh LlZ — O — sJ I L 180 

CCCATCTCCTGGAGATGGGGAGA1U^6ATAT6ACCTTC»3CTGCGTTGCCAGG^ 64 1 

PISWRWGBSDMTPXCVARNP 200 

VSR ln.ff S-1 SPII>ARKXiCBGAAD 220 

earrr&eaquffrrnv^ratp/CTrf'rrrq'rwH^^ 761 
D P D S S IM V T. T. r t. T. t. u P T. T. T. g T. I 240 

SftCTGGGGCTATTTCTOGGTOTC^^ 821 
T. r; .T. F ■ T. «■ F Ti i R RERQEEYIE 260 

GAGI^GAAGAGAGTGGACATTTGTCGGGAAACTCCTAACATATGCCCCCATTCTGGAGAG 881 
BKRRVDICRBTPNXCPHSGB 280 

AACACAGAGTACGACACAATCCCTCACJUrXAATAGAAC^ 941 
NTBTDTZPBTNRTILRBDPA 300 

AAt2U»3GTTTACTCCACTGTGGAAATACCGAAlUUU3ATGGlU^ 1001 
N¥VY8TVEIPRKMB1IPBSLIi 320 

ACGATGCCAGACACACCAAGGCTATTTGCCTATGAGAATGTTATCTAGACAGCA^^ 1061 
TMPOTPRLFAYBNVI* 335 

TCCCCTAAGTCTCTGCTCAAAAAAAAAACAATTCTCGGCCCAAAGAAAACAATCAGAA6A 1121 
ATTCACTGATTIHSACTAGAAACATCAAGGAAGAATGAAGAACGmAC^^ 1181 
TAAATTAICTCTGATGCTTCTrTAGaTTTAA(»GTTCGTAAm 1241 
ATGTCCTCAAACCCAGAAGGTTTAATCACTTC»TCCC»AAAATG66ATTGT 1301 
CAAACCATAAAAAAAGTGCTTAGAAGTATTCCTATAGAAATGTAAATGCAAGGTCACACA 1361 
TATTAATGACAGCCTGrrGTATTAATGATGGCTCCAGGTCAGTGTCTGGAGTTTCATTCC 1421 
ATCCCAGGGCTTGGATGTCAGGATTATACCAAGAGTCTTGCTACGAGGAG66CAAGAAGA 1481 
CCAAAACAGACAGACAAGTCCAGCAGAAGCAGATGCACCTGAC AAAAATGGATGT ATT AA 1541 
TTGGCTCTATAAACTATGTGCCCAGCACTATGCT6AGCTTACACTAATTGGTCAGACGTG 1601 
CTGTCTGCCCTC ATGAAATTGGCTCCAAAT6AATGAACTACTTTCATGAGCAGTTGTAGC 1661 
AGGCCTGACCACAGATTCCCAGAGGGCCAGGTGTGGATCCUlCAGGACarrGAAGGa^^ 1721 
TTCACAAAGATGAAGAATCAGGGTA6CT6ACCATGTTT6GCAGATACTATAATGGAGACA 1781 
CAGAAGTGTGCATGGCCCAAGGACAAGGACXrrCCAGCCAGGCTTCAm 1841 
CTGCAAAAGAAAAGIXrrAGGTTTTAAGGCrGRrGCCAGAACCCATC^^ 1901 
AG^rCTeAAGTCACATTGTAAATCTAGrGTAGGAGACTTGGAGTCAGGCAGTGA^ 1961 
jBGGGCACGGGGGGCAGTGGGTACrrGrAAACCTTT 
TATTTATTAAGAACCTACTATGCGGCCCG6CATGGTGGCTCACACCTGTAATCCCAGCAC 2081 
TrrGGGAGGCCAAGGTGGGTGGGTCATCTGAGGTCAGGAGTTCAAGACCAGCCTGGCCAA 2141 
CATGGTGAAACCCCATCTCTACTAAAGATCAAAATTTGCTGAGCGTGGTGGTGTGCACCT 2201 
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GTATCCCAGCTACTCGAGAGGCCAAGGCATGAGAATCGCraGftACCTGGAGGTGAGG^ 2261 

CAG!FGAGCT6AGAT€6CACCACT6CACrrCCGGCCTA6GCAiU:GAGAGC:^^ 2321 

CAAACAAACAAACAAACACCTGnSCTAGGrCAGTCTCGCACGTAA^ 2381 

CAACACAGAGCTCaCCATCnrCTTATACTTA&GTGJU^^ 2441 

ATGGCTGCrmGATATGirFCCCTGACGCATATCTTGftATGGAG^ 2501 

ATGAAAGTGTTGAAAAACrrrAATAACAAATGCTTGTTGQGCAAGAATGGGATTa^^ 2561 

ATCTTCTCTCAGAAAGGCATTGTGAAGGAATTGAGCCAGATCTCTCTCCCTAC^^ 2621 

CCCTATTGTAGTAAAAAAGTCrrCTTTACTATCTTAATAAAACAGATATTGTGAG^ 2681 
CATAAAAAAAAAAAAAAAAAAAA 
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CCATCCTAATACGACTCACTATAGGGCTCGAGCGGCCGCCCGGGCAGGTTTCAAGTTCCA 
1 + + + + + ^ 



CGTTCCCTACTGCTAAGAGTCTTAGCTTACAAAAGATATTCTTGTAAGCCAAGTO^ 



TTAATCACGACAACCAAAGGTTTGCTAACATAGAGGAAGAGCTCTCATCAATAGGGGT^C 
121 + + + + + + 



AGAAAGTCTCAGCGACAAGCTTATGAAAGAATGGCTGTCTCAAGGGCTCCAA^^ 

181 + + + + + + 

MAVSRAPTPD 



TCCGCCTGTCAGAGGATGGTCTGGCTCTTTCCACTTGTCTTCTGCXTCGGCTC^^ 

241 + + + + + + 

SACQRMVWLFPLVFCI.GSGS 



GAAGTTTCACAGAGCAGCTCAGACCCCCAGCTAATGAATGGCGTTCTAGGAGAGTCTGCA 
301 + + + + + + 

E VSQSSSDPQLMNGVL6ESA 



GTTCTTCCTCTAAAGCTTCCTGCAGGGAAGATAGCCAATATCATCATCTGGAATTATGAA 

361 -+ f + + + + 

VLPLKLPAGKIANIIIWNYB 



TGGGAAGCGTCACAAGTCACTGCCCTCGTTATCAACCTAAGTAAT^^ 

421 + + + + + + 

WEASQVTAL VIHLSNPESPQ 



ATC».TGAACACTGA17GTAAAGAAGAGACTGAACATCACCCAGTCCT^ 
IMNTDVKKRLNITQSYSLQI 



AGCAACCTTACCAOIGGCAGACACAGGATCATACACTGCGCAGATAACCACAA^ 

541 + + -+ + + + 

SNLTMADTGSYTAQITTKDS 



gaagtgatcacci:tcaaatatattctgagggtctttgaacgattgggtaacttagaaact 

601 + + + + + + 

EVITFKYILRVFBRLGNLE7 



BIGU»E 3 
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ACOUVCTATACTCTCCTGCTAGAGMTGGGACCTGCCAGATACACCTGGCCTC^ 

661 + + + + + +' 

TNYTLLLENGTCQIHLACVL 



AAGAATCAAAGTCJU^CTGTCTCAGTTGAGTGGCAAGCCACAGGAAACArc^ 

721 + + + + + + 

KNQSQTVSVEffQATGNISLG 



GGACCAAATGTCACTATCTTTTGGGACCCGAGGAATTCTGGTGACCAGACTTACGTC 
791 4- + + + + + 

GPNVTIFWDPRNSGDQTYVC 



AGAGCCAAGAATGCTGTCAGCAATTTGTCAGTCTCTGTTTCGACCCAGAGTCTCTGCAAA 

841 + + + + + + 

RAKNAVSNLSVSVSTQSLCK 



GGGGTTCTAACTAATCCACCCTGGAATGCAGTATGGTTTATGACTACAATTTCAATAATC 

901 ■ + + + + + + 

GVLTNPPWNAVWFMTTISII 



AGTGCAGTCATACTCATCTTTGTGTGCTGGAGCATACATGTTTGGAAGAGAAGAGGTTCT 

961 + + + + + + 

SAVILIFVCWSIHVWKRRGS 



CTTCCTTTGACTAGCCAACaVTCCAGAGT€X:TCCCAGAGCACAGATGGCCCAGGCTCTCCA 

1021 + ' + + + + 4- 

LPLTSQHPESSQSTDGPGSP 



GGGAACACTGTGTATGCACAAGTCACTCGTCCAATGCAGGAAATGAAMTC^ 

1081 + + + + + + 

GNTVYAQVTRPMQEMKIPKP 



ATCAAAAATGACTCCATGACAATTTACTCCATAGTTAATCATTCCAGAGAGGAAAO^^ 

1141 + + + + + + 

IKNDSMTIYSIVNHSREETV 



GCTTTAACCGGCTATAACCAACCCATTACCCTGAAGGTTAACACTTTAATCAACTATAAC 

1201 + + + + + + 

ALTGYNQPITLKVNTLINYN 



TCCTGAAGGAAGAGCACTGCAGTGACXTGAGGAAATTAAACAATGCTGTCACCACAGCTC 

1261 + + + + + + 

S * 



FIGURE 3 (continued) 
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TGGCTTAGATTAATGAAGTCAGCATCTCTGGAGATTGAGCGCTGCCATTTGCATTGTTCA 
1321 •i + + + + + 



AACGCTTTCTAGGTGGTATGGTGAGIATGCCAGAGGGCTAA«3GCCATTA^ 



TTTGACTA6GAATACATAAGATAGAAAGCCTAGAATCGTATCATTGAAAGGGACAATGGA 
1441 + + + + + + 



CCTAAGAGAAGTGGAATAAAATTGTGTCACACAAAAAAAAfVAAAAAAAAAAAAAAA^ 
1501 H + + + + ^ + 



CTTGT 
1561 1565 



FIGURE 3 (continued) 
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Apex-3 nucleotide with translation 



GAATTCGAATTCGGGACTTTCCAGAAGGACCACAGCTCCTCCCGTGCATCCACTCGGC^^ 
1 + + + ^ ^ ^ 



GGGAGGTTCTGGATTTTGGCTGTCGAGGGAGTTTGCCTGCCTCTCCAGAGA^ 
61 + — + ^ + ^ ^ 

M V 



ATGAGGCCCCTGTGGAGTCTGCTTCTCTGGGAAGCCCTACTTCCCATTACAGTTACTGGT 

121 + + + + + 

MRPLWSLLLWEALLPITVTG 



GCCCAAGTGCTGAGCAAAGTCGGGGGCTCGGTGCTGCTGGTGGCAGCGCGTCCCCCTGGC 

181 + + ■ + + + 

AQVLSKVGGSVLLVAARPPG 



TTCaUVGTCCGTGAGGCTATCT<^C6ATCTCTCTGGCCTTCAGAAGAGCTCCTGGC»^ 

241 ' + — + + + + + 

FQVREAIWRSLWPSEELLAT 



TTTTTCCGAGGCTCCCTGGAGACTCTGTACCATTCCCGCTTCCTGGGCCGAGCCCAGCTA 

301 + •¥ + + + + 

FFRGSLETLYflSRFLGRAQL 



CACAGCAACCTCAGCCTGGAGCTCGGGCCGCTGGAGTCTGGAGACAGCGGC^ 

361 ' + + + + + + 

HSNLSLELGPLESGDSGNFS 



GTGTTGATGGTGGACACAAGGGGGCAGCCCTGGACCCAGACCCTCCAGCTCAAGGTGTAC 

421 + + + + + + 

VLMVDTRGQPWTQTLQI/KVY 



GATGCAGTGCCCAGGCCCGTGGTACAAGTGTTCATTGCTGTAGAAAGGGATGCTCAGCCC 
DAVPRPVVQVFIAVERDAQP 



TCCAAGACCTGCCAGGTTTTCTTGTCCTGTTGGGCCCCCAACATCAGCGAAATAACCTAT 
541 + + + ^ + + + 

SKTCQVFLSCWAPNISEITY 



FIGURE 4 
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AGCTGGCGACGGGAGACAACCATGGACXTTGGTATGGAACCACACAGCCTCTTCACAG^^ 
SWRRETTMDFGMEPHSLFTD 



GGACAGGTGCTGAGCATTTCCCTGGGACCAGGAGACAGAGATGTGGCCTATTCCTGCATT 

661 + + + + + 

GQVLSISLGPGDRDVAYSCI 



GTCTCCAACCCTGTCAGCTGGGACTTGGCCACAGTCACGCCCTGGGATAGCTGTCATCAT 

721 + + + + + + 

VSNPVSWDLATVTPWDSCHH 



GAGGCAGCACCAGGGAAGGCCTCCTACJ^GATGTGCTGCTGGTGGTGGTGCCT 

781 + + + + + + 

BAAPGKASYKDVLLVVVPVS 



CTGCTCCTGATGCTGGTTACTCTCTTCTCTGCCTGGCACTG6TGCCCCTGCTCAGGGAAA 

841 + + + + + + 

LLLMLVTLPSAWHWCPCSGK 



AAGAAAAAGGATGTCCATGCTGACAGAGTGGGTCCAGAGACAGAGAACCCCCTTGTGCAG 
901 + + + + + 

KKKDVHADRVGPETENPLVQ 



GATCTGCCATAAAGGACAATATGAACTGATGCCTGGACTATCAGTAACCCCACTGO^C^ 

961 + + + ^+ + + 

D L P * 



GCACACGATGCTCTGGGACATAACTGGTGCCTGGAAATCACCATGGTCCTCATATCTCCC 



ATGGGAATCCTGTCCTGCCTCGAAGGAGCAGCCTGGGCAGCCATCACACCACGAGGACAG 
1081 + + + + + + 



GAAGCACCAGOVCGTTTaVCACCTCCCCCTTCCCTCTCCCATCTTCTCATATCCTGG 
1141 + + + + + + 



TTCTCTGGGCAAGATGAGCCAAGCAGAACATTCCATCCAGGACACTGGAAGTTCTCCAGG 
1201 + + + + + + 



— FIGU«£ 4 (continued) 
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ATCa\GATCCATGGGGACATTAATAGTCCAAGGCATTCCCTCCCCCACCACTATT^^ 
1261 + + + + + + 



1321 + + + + + + 



AAAAAAAAAAAAAAAGGGCGGCCGCCCG 
1381 + + 1408 



FIGURE 4 (continued) 
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Peptides in APEX-lIg 

1 MA6SPTCLTL lYIXB^IGS AASGPVKELV GSVGGAVTFP LKSKVKQVDS 
51 IVWTFNTTPL VTIQPEGGTI IVTQNRNRER VDFPDGGYSL KLSBCLKKNDS 
101 GIYYVGIYSS SLQQPSTQEY VLHVYEHLSK PKVTMGLQSN KNGTCVTNLT 
151 CCMEHGEEDV lYTWKALGQA ANESHNGSIL PISWRWGESD MTFICVARNP 
201 VSRNFSSPIL ARKLCE6AAD DPDSS HP humanlgGl H-CH2-CH3 

Bold- Predicted signal sequence, which will be cleaved in mature 
protein HP - junction sequence resulting frcra the BamHl enzyme site. 



FIGURE 10 
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Peptides in APBZ-2nZg 

1 M»VSRAPan?D SACQRMVflLF PLVFCL6S6S EVSQSSSDPQ LMNGVLGESA 

51 VLPLKLPAGK lANIIIWNYE WEASQVTALV INLSNPESPQ IMNTDVKKRL 

101 KITQSYSLQI SNLTMADTGS YTAQITTKDS EVITFKYILR VPERLGNLET 

151 TNYTLLLENG TCQIHLACVL KNQSQTVSVE WQATGNISLG GPNVTIFWDP 

201 RNSGDQTYVC RAKNAVSNLS VSVSTQSLCK GVLTNPPW HP ~ murine 
IgG2a H-Ch2-CH3 

Bold- Predicted signal sequence, which will be cleaved In the mature 
protein HP - junction sequence resulting from the BamHl enzyme site. 
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FIAG~APKX-1 



LKSinrKQVDSIWTFNTTPLVTIQPEGGTIIVTQNRNRERVDFPDGGySLKLSKLKKNDS 

GIYYVGIYSSSLQQPSTQEYVLHVYEHLSKPK\m«GIiQSNKNGTCVTNLTC^^ 

lYTWKALGQAANESHNGSILPISWRWGESDMTFICVAraPVSIWFSSPIIARKLCEG^ 

DPDSSMVLLCLLLVPLLLSLFVLGLFLWFLKRERQEEYIEEKKRVDICI^TPN 

NTEYDTIPHTNRTILKEDPMTVYSO^IPKKMBNPHSLLTMPOTPRLFAYEW 



MEMBSLQPIiAl^YlJiGMLVASCLG sequence from human CDS signal peptide, 
DYKDDDDK is the FLAG peptide 



FIGURE 15 
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nA0-ASB3C-2 



VLPLKLPAGKIANI I IWN YEWEASQVTALVINLSNPESPQIMNTDVKKRLN ITQSYSLQI 
SNLTMADTGSYTAQITTKDSEVITFKYILRVFERLGNLETTNYTLLLENGTdQIHLACVL 
KNQSQTVSVEWQATGNISLGGPNVTIFWDPRNSGDQTYVCRAKNAVSNLSVSVSTQSLCK 
GVLTNPPWNAVWFMTTISIISAVILIFVCWSiHVWKRRGSLPLTSQHPESSQSTDGPGSP 
GNTVYAQVTRPMQEMKIPKPIKNDSMTIYSIVNHSREBTVALTGYNQPITLKVNTLINYNS* 



MEMGSLQPIATLYIiLGMLVASCLG sequence from human CDS signal peptide, 
DYKDDDDK is the FLAG peptide 



FIGURE 16 



